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MECHANISM Or DIBENAMINE PROTEC 1’ION AGAINST CYCLO- 
PROPANE-EPINEPHRINE CARDIAC ARRHYTHMIAS 1 

MARK NICKERSON avd GEORGE M NOMAGUCIII 
Department of Pharmacology, Unuersity of Utah School of Medicine, Sail Lake City, Utah 
Received for publication September 14, 1918 

The demonstration of the highly specific and effective adrenergic blocking 
action of Dibenamme (N,N-dibenzji /3 chloroethyhmine) (1, 2) suggested that 
it might be effectit e m preventing serious cardiac arrhythmias produced bv 
epinephrine in the presence of cyclopropane and other hydrocarbons The 
protection against epinephrine cj clopropane arrhj thmias afforded by Diben 
amine proved to be almost complete (fig 1 and table I) eten alien massne doses 
of epinephrine (1000 pgm /hgm ) were injected mtrin enousl} (3, 4) 

However, Dibenamme does not prevent the chronotiopic and positive mo 
tropic effects of epinephrine on the mammalian heart (2, 5), consequently the 
basis for a direct protection of the myocardium is obscure and protection as a 
result of peripheral vascular actions of the drug must be considered 
Possible modes of action include (1) some direct effect on the myocardium, 
(2) prevention of the epinephrine induced rise in systemic blood pressure and 
of the resultant increase in left v cntricular pressure, or (3) prev ention of reflex 
v agal activity by abolishing the pressor response to epinephrine The follow ing 
experiments were undertaken in an effort to distinguish between these pos 
sibihtics 

Methods Dogs were administered sufficient thiopental sodium intia\enously (usually 
15-20 mgm /kgm ) to allow passngc of an endotracheal tube A 30 per cent cyclopropane 
70 per cent oxygen anesthetic mixture was then administered bj means of a closed system 
with CO* absorption A total gas flow of 1000 cc /minute w as maintained to allow' frequent 
flushing of the 3 liter rebreathing bng, and analysis showed the cyclopropane concentration 
m the bag to vary between 28 and 31 per cent This procedure maintained the animals in 
plane 3 anesthesia (partial to complete intercostal paralysis) After opening the pleura or 
at any time spontaneous rcapiraton exchange was markedly reduced, oxygenation was 
maintained by intermittent pressure on the rebrcathing bag All tests were performed 
after 30 to 80 mmuteB of cyclopropane anesthesia to allow for complete equilibration and 
yet to avoid the “adrenolytic” effect of longer exposures to cyclopropane (6) 

After equilibration to the anesthetic mixture had occurred, a standard challenge dose of 
10/igm /kgm epinephrine in 5 cc of 0 9 per cent NaCl solution was injected intravenously 
over a period of 50 seconds By means of a thermo writing oscillograph, standard limb 
lead electrocardiograms were recorded continuously during the injection of epinephrine and 
until the heart returned to its normal rate and rhythm after the injection In most cases 
three leads were recorded simultaneously 


1 This investigation was aided by a grant from Givaudan Delaw anna, Inc The adrener 
gic blocking agents employed were kindly supplied by Dr William Gump of this company 
N Dibenzyl beta cbloroetkylaminc is now being distributed for investigational use by the 
Smith, Kline and French Laboratories Philadelphia Pennsylvania under then trademark 
Dibenamme 
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Tig 2 Mean Blood Pressure and Electrocardiographic Responses to Simpatho 
mimetic Amines in Doas Equii ibrated to 30 per clnt Cyclophop yne 
I eft Intravenous injection of 100 ngm /kgm epinephrine in animal pretreated with 5 
mgm /kgm # 18G 

Right Intravenous injection of 10 ngm /kgm Isuprel (N isopropyl nor epinephrine) 
in control animal Injections begun at zero time, periods of cardiac airlij thmias indicated 
by heavy rectangles Correlation of blood pressure and lead II electrocardiograms indi 
cated at A and B 
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amine (15-20 mgm./kgm.) or #' 186 (10 mgm./kgm.) ju^t adequate to prevent 
cardiac arrhythmias when the standard test dose of epinephrine was adminis- 
tered, and then subjected to the additional stress of a rise in blood pressure 
produced by occlusion of the thoracic aorta. In 9 out of 12 animals treated in 
tills manner it was possible to induce ventricular premature contractions and 
even ventricular tachycardia (5 animals) and fibrillation (3 animals) during 
such periods of aortic occlusion. 

With larger doses of blocking agent, irregularities were more difficult to elicit 
and in 2 out of G animals given over 30 mgm./kgm. Dibenamine or 20 mgm./kgm. 
#186 it was impossible to produce ectopic heats even when the pressure was 
raised to 160-180 mm. Ilg (fig. 4, right). Although no ectopic foci of impulse 
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Dibenamlne. Irr k rectangle. Aortic occlusion and release 

indicated by arrows. 

formation developed in these dogs, the electrocardiograms usually showed some 
depression of the S-T segment during the period of aortic occlusion. This change 
may be interpreted as indicating a relative hypoxia induced by increasing the 
work required of the left ventricle. 

It was found that severe irregularities were produced more readily by oc- 
cluding the aoita at the time the injected epinephrine first reached the heart or 
shortly thereafter than at the end of the period of epinephrine injection, al- 
though the concentration of epinephrine reaching the heart must be maximum 
about 60 seconds after the beginning of the injection. This is clearly' demon- 
strated by a comparison of early and late periods of aortic occlusion in the same 
group of animals. In 15 experiments, 20-second periods of occlusion starting 
20 seconds after the beginning of epinephrine injection were characterized by 
irregularities occupying 53 ±8.6 per cent of the occlusion time. Similar periods 
of occlusion in the same animals starting at 50 seconds exhibited only 11 ±3.6 



6 


MARK NICKERSON AND GEORGE M. NOMAGUCHI 


per cent irregularities. The average maximum pressures during occlusion in 
these two groups differed by only 7 mm. Hg. These figures differ by 4.3 times 
the standard error of the difference and therefore represent a significant variation 
in susceptibility to cardiac arrhythmias. 

An additional indication of the greater tendency for the development of ar- 
rhythmias shortly after the epinephrine first reaches the heart is the fact that 
in three animals ventricular fibrillation was precipitated by aortic occlusion at 
15 to 20 seconds. Ventricular fibrillation never followed occlusion later in the 
course of the epinephrine injection although all animals were tested with oc- 
clusion at 40 or 50 seconds before earlier occlusion was attempted. 

The conclusion that the maximum tendency for the heart to develop arrhyth- 
mias occurs when injected epinephrine first reaches it is in agreement with our 
previous observations (4). When ventricular fibrillation occurs in unprotected 
dogs it begins an average of only 8 seconds after epinephrine first reaches the 
heart, and the few irregularities which do appear in standard tests on animals 
treated with Dibenamine or Priseol always occur in the same period. 

It is conceivable that either the sudden increase in systemic arterial pressure, 
the final absolute pressure after aortic occlusion or a combination of these factors 
might be involved in the production of arrhythmias. To differentiate between 
these possibilities, coefficients of correlation of the increase in pressure and the 
absolute pressure during occlusion with the extent of irregularities (i.e., per cent 
of the occlusion period occupied by irregularities) were calculated. On the basis 
of 23 experiments with occlusion 20 seconds after the beginning of the epine- 
phrine injection coefficients of correlation of —0.41 between pressure increase 
and irregularities and +0.G0 between final pressure and irregularities were 
calculated. The clear difference between these two values is due to the fact 
that with high initial pressures the increase is usually smaller although the final 
absolute pressure is greater. The positive correlation between absolute pres- 
sure and arrhythmias is highly significant and indicates that the absolute level 
of systemic arterial pressure is the important factor in sensitizing the heart to 
epinephrine-induced irregularities. Changes in pressure appear to be of very 
limited if any importance. 

A second characteristic of the role of systemic blood pressure in inducing 
cardiac irregularities is that the effect of elevated pressure develops slowly. 
Short periods (5-10 seconds) of aortic occlusion produce few irregularities in 
Dibenamine-treated animals. This point is well illustrated by dividing 20- 
second periods of occlusion into 5-second units and calculating the percentage 
of each period occupied by irregularities. Twenty-five such experiments show 
averages of 2.5, 23, 43 and 47 per cent, respectively, for the four periods. All 
the differences except the one between the last two periods are statistically 
significant and indicate that the effect of elevated systemic pressure in sensitizing 
the myocardium to epinephrine-induced arrhythmias is cumulative. 

The effect of elevated arterial pressure may be manifest after release of the 
aortic occlusion. Irregularities frequently persist for periods up to 10 seconds 
after the pressure has fallen and in some experiments (fig. 4, left) irregularities 
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were not observed until immediately after the return of the pressure to prcoc- 
clusion levels. 

Role of Reflex Vagal Aclivalion. The preceding experiments demonstrate the 
role of systemic arterial pressure in sensitizing the heart to epinephrine-induced 
cardiac arrhythmias. However, they do not explain the mechanism of this 
action, which could be either a direct effect of increased left intraventricular 
pressure or an indirect effect mediated reflexly through the vagi. 

A number of workers (0, 10) have stressed the importance of the vagus in 
epinephrine-induced arrhythmias. It has been suggested that these irregulari- 
ties represent a ventricular escape phenomenon resulting from simultaneous 

A. 
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Fia. 5. Cardiac Response of a Doo Equilibrated to 30 ter cent Cyclopropane to 
Vagal Stimulation as Altered by Epinephrine and Dibenamine 

Stimulation begins at arrow and continues to end of each record. 

A. Control response. 

B. Lack of response in the presence of epinephrine-induced ventricular tachycardia. 

C. Cardiac response to epinephrine 30 minutes after treatment with 20 mgm./kgm. of 
Dibenamine. 

D-G. Responses at various intervals after the injection of 100 ugm./kgm. epinephrine in 
Dibenamine-treated animal. Times indicate interval since epinephrine injection. 

direct epinephrine stimulation of the myocardium and reflex vagal inhibition 
of the sinus node and conducting system. As illustrated in figure 5B stimulation 
of the peripheral stump of the severed vagus is ineffective in the presence of an 
epinephrine-induced ventricular tachycardia. However, after Dibenamine 
protection, the epinephrine-induced sinus tachycardia may be transformed into a 
ventricular rhythm by strong stimulation of the vagus and this effect gradually 
disappears as the epinephrine tachycardia subsides (fig. 5, D-G). We have 
never been able to produce ventricular fibrillation by stimulation of the vagus 
during the action of injected epinephrine in Dibenamine-treated animals. 

In spite of the potential arrhythmia-inducing action of the vagus noted above, 
several lines of evidence point to the fact that reflex vagal mechanisms are not 
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important in the production of epinephrine-jnduced arrhythmias in anesthetized 
animals (11). Bilateral vagotomy or minimum blocking doses of atropine do not 
protect against these irregularities (table I). In addition, bilateral vagotomy 
does not alter the effect of aortic occlusion in inducing irregularities in animals 
given minimal protective doses of Dibenamine. In 8 animals tested before 
and after bilateral vagotomy, the average percentage of the 20-second occlusion 
periods occupied by arrhythmias was 30 per cent and 28 per cent, respectively. 

Myocardial Action of Dibenamine. As mentioned above, Dibenamine does 
not alter the chronotropic or positive inotropic cardiac effects of epinephrine 
on the mammalian heart. However, it has been observed that large doses of 
Dibenamine reduce the sinus rate in heart-lung preparations, the maximum 
rate at which the auricle will follow electrical stimuli (5) and the rate of auricular 
fibrillation and flutter (12). We have also observed an increase in the threshold 


TABLE I 

Cardiac responses of dogs equilibrated to SO per cent cyclopropane-70 per cent oxygen to the 
intravenous infection of 10 ygm./kgm. epinephrine 


TREATMENT 

DOSE 

- 

NO. 

animals 

VENTRIC- 

ULAR 

FIBRILLA- ' 
TION 

1 

AVERAGE DURATION OF 

All irregularities* 

Ventricular tachy- 
cardia* 


\mgm.fkgm J 


% 



Control 


25 

32 

145 ± 7.2 

91 ± 9.6 

Dibenamine 

20 

28 

0 

1.8 ± 1.0 

0 

Dibenamine (tested 24-hours 






after administration) 

20 

7 

0 

4.0 ± 1.8 

0 

2-dibenzylaminoethanol 

20 

5 

40 

107 ± 7.1 

96 ± 5.0 

Atropine sulfate 

0.1 

8 

l 13 

109 ±18 

59 ±18 

Bilateral vagotomy 

— 

8 

25 

131 ±16 

76 ±11 


* In animals not developing ventricular fibrillation. 


for electrically-induced fibrillation (13). These “quinidine-like” effects appear 
to be best explained on the basis of a slight direct myocardial depressant action 
of Dibenamine which seems to be completely independent of its adrenergic 
blocking action. This effect has a duration of only 1 to 2 hours and is produced 
almost equally by 2-dibenzylaminoethanol which has no adrenergic blocking 
action. 

Several observations indicate that the “quinidine-like” action of Dibenamine 
is not significant in protecting against epinephrine-cyclopropane arrhythmias. 
Dibenzylaminoethanol is ineffective in preventing epinephrine-induced arrhy- 
thmias and a major part of the Dibenamine protection persists for at least 24 
hours (table I), as other workers have also observed (14). The protection 
afforded by Dibenamine against cyclopropane-epinephrine cardiac arrhythmias 
appears to be correlated with its .adrenergic blocking action, but the precise 
mechanism by which its protective action on the myocardium is exerted is still 
obscure. 
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Discussion. The results reported indicate that at least two factors are 
involved in the protection afforded by Dibenamine against epinephrine-cyclo- 
propane cardiac arrhythmias. Some direct action of Dibenamine on the myo- 
cardium is involved inasmuch as intermediate doses of the drug reverse the 
pressor action of epinephrine without protecting against arrhythmias, while 
larger doses have both effects. Garb and Chenoweth (15), studying cat hearts 
sensitized by volatile hydrocarbons, also demonstrated a dissociation of these 
two actions of Dibenamine. Although differing from ours in certain details, 
their results emphasize the fact that reversal of the pressor action of epinephrine 
and protection against epinephrine-induced cardiac arrhythmias are not neces- 
sarily causally related. At present no definitive explanation of the mechanism 
of direct myocardial protection afforded by Dibenamine can bo given. It may 
be that an adequate answer to this question will not be forthcoming until the 
mechanism by which epinephrine causes the development of ectopic foci of 
impulse formation in a sensitized myocardium is more fully understood. 

Although Dibenamine docs not protect against cardiac arrhythmias simply 
by reversing the pressor response to epinephrine, systemic arterial pressure is a 
factor sensitizing the heart to epinephrine-induced arrhytlimias. Our results 
indicate that absolute pressure rather than increase in pressure is the important 
factor in sensitizing the heart to ectopic rhythms. The fact that the heart is 
more sensitive to epinephrine-induced irregularities when it is working against a 
high systemic pressure was also observed by Moe and coworkers (16) and may 
explain their conclusions that the rise in systemic arterial pressure caused by 
epinephrine was essential to the production of arrhythmias and that Diben- 
amine protected against arrhythmias simply because it reversed this pressor 
action. 

The mechanism by which systemic hypertension predisposes to cardiac ar- 
rhythmias is not clear. The elevated pressure does not act to any major degree 
through a reflex vagal mechanism. It may act to produce a local relative myo- 
cardial hypoxia by increasing the work required of the left ventricle. Hypoxia 
is known to predispose to irregularities in the presence of cyclopropane (17, 18), 
and the electrocardiographic changes (depressed S-T segment) seen in a few 
experiments in which elevated pressure did not produce frank arrhythmias are 
compatible with some degree of myocardial hypoxia. 

In our experiments, the maximum tolerated generalized hypoxia allowed the 
production of only minor epinephrine-cyclopropane cardiac irregularities in 
Dibenaminc-treated animals. However, this does not preclude consideration 
of a relative myocardial hypoxia as an etiological factor in the initiation of irregu- 
larities by increased systemic pressure. Under the strain of extra work the 
myocardial hypoxia may be quite unevenly distributed, and the resultant uneven 
alterations in myocardial conduction and excitability might be expected to be 
effective in inducing arrhythmias. - 

A second possibility is that increased pressure sensitizes the heart by producing 
some degree of cardiac dilatation, in agreement with the suggestion of Bouckaert 
and Heymans (19) that cardiac dilatation is a prerequisite to ventricular fibrilla- 
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tion. Either of these mechanisms of sensitization would offer an explanation for 
the cumulative effect of systemic hypertension. 

The fact that the cyclopropane-sensitized heart is most prone to develop 
arrhythmias shortly after the injected epinephrine first reaches it rather than at 
the peak of epinephrine concentration points to some type of accommodation, 
but the mechanism involved is obscure. The development of a sinus tachycardia 
does not appear to be a major factor inasmuch as an increase in control heart rate 
induced by atropine does not afford protection (table I) . It may be that epineph- 
rine-induced changes in coronary circulation or a decreased tendency to car- 
diac dilatation due to the inotropic action of epinephrine are involved. 

SUMMARY 

Experiments on dogs under cyclopropane anesthesia indicate that the protec- 
tion against epinephrine-induced cardiac arrhythmias afforded by Dibenamine 
and related adrenergic blocking agents is due to two factors: 

1. A direct cardiac action which requires larger doses of blocking agent than 
are necessary to reverse completely the peripheral pressor effect of the injected 
epinephrine. This protection is largely independent of a transient “quinidine- 
like” action on the myocardium shared by related compounds devoid of adrener- 
gic blocking activity. 

2. Prevention of an elevated blood pressure during the period of epinephrine 
action. Artificial elevation of the blood pressure by occlusion of the thoracic 
aorta has been shown to act as an added stress capable of producing irregularities 
in many hearts otherwise protected by Dibenamine. The effects of aortic occlu- 
sion were found to be dependent upon the final level of systemic arterial pressure 
attained and to be largely independent of the magnitude of the rise in pressure. 
Sustained pressure elevation produces cumulative effects. 

The heart was found to be most prone to develop ai.hvthmias shortly after the 
injected epinephrine first reaches it rather than at the time of maximum epineph- 
rine concentration in the blood stream. 

The influence of systemic arterial pressure on the production of cardiac ar- 
rhythmias does not appear to be mediated through the vagi. 

The development of a relative myocardial hypoxia and the production of some 
degree of cardiac dilatation are discussed as possible mechanisms by which 
systemic hypertension might sensitize the myocardium to epinephrine-induced 
arrhythmias. 
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Reports recently have been published by Hertz and Roberts (1) and by Chap- 
man and Evans (2) dealing with the treatment of hyperthyroidism by means of 
internal irradiation. Radioactive iodine, orally administered, is the therapeutic 
agent, and at present, these authors believe that it is at least an alternate medical 
method for the control of thyrotoxicosis. Lately, also, a case of metastatic 
thyroid cancer has been treated with radioiodine by Marinelli and coworkers (3). 
It is, therefore, important to study the distribution of radioactive iodine in 
various organs; and, since one isotope (I 130) has a relatively short half-life, the 
period immediately after administration has special interest. 

In this study, radioactive iodine determinations were carried out on the various 
tissues of animals in the period from \ to 12 hours after intravenous radioiodine 
administration; during this time, if the 12.6 hour isotope is used in irradiation 
work, the radiation rate is at its highest and a large fraction of the dose is de- 
livered. Some radioisotope data of this Icind have already been published (4); 
in addition, in the current work the concentration of total iodine in the tissues 
has been determined by microchemical analyses. 

The fraction of an administered dose of radioactive iodine found in tissues 
other than the thyroid gland is relatively low, thus minimizing the possibility of 
radiation-induced pathology in these tissues. Unfortunately, data were not 
collected on the radioiodine content of bone marrow, lymph nodes, and ovaries; 
this deficiency should be corrected in light of the known radiation sensitivity of 
these tissues. In the absence of definitive data, however, it may be assumed 
that the radioiodine concentration was of the same order as that in the blood, 
liver, lung, kidney, spleen, muscle, and heart. 

Methods. The radioactive iodine was prepared by proton bombardment of tellurium in 
the cyclotron of the University of Rochester Physics Department . The iodine was separated 
from the tellurium and prepared for intravenous injection in the form of iodide as previ- 
ously described (3). An amount of carrier iodine was added such that each animal received 
a single dose of 15 micrograms of iodine per kgm. of body weight; this small amount should 
not greatly alter the normal metabolic distribution of iodine. The weight of the radio- 
active iodine (1 130) was negligible. Each rabbit received 4 to 9 microcuries per kgm. body 
weight of radioiodine. 

Normal, young adult, New Zealand, white rabbits were used throughout these experi- 
ments. These rnbbits were all from the same stock, weighing 2.5 to 3.0 kgm., and were 
approximately of the same age (5-6 months). They were housed separately in wire-bot- 
tomed cages and given a diet of oats and dry alfalfa for 2 to 3 weeks before use; this diet was 
available after the injection of radioactive iodine. Tap water was provided at all times. 



DISTRIBUTION OF RADIO-ACTIVE IODINE 


13 


The city water contains approximately 5 parts of iodine per billion, and no iodine was 
added to it 

At the time of sacrifice, the various organs were dissected out, neighed and samples 
taken for analysis Blood nos withdrawn by heart puncture just before sacrifice The 
radvoactn lty determinations and the chemical iodine determinations were performed ns 
described previoush (5) 


TABLE I 


The changes m distribution with time after administration of radioiodine together with the 
total iodine contend of thyroid and blood 


JSABBJT 

umu<o 

nirc 

THYROID 

BLOOD 

\\t 

Im dose 
per gram 
fxioo) 

Im dose 
per nbole 
£land 

I cone 

I W/filand 

Im dose 
per Kram 
(X100) 

I cone 


hours 

front 

c r 

% 

y/100 trams 


*£> 

y/JOO (rams 

28 

0 5 

0 22 

372 

0 8 

59,000 

126 8 

7 5 

— 

30 

0 5 

0 20 

4620 

9 1 

17,9S0 

35 4 

7 4 

36 G 

31 

0 5 

0 17 

617 

1 0 

24,100 

40 9 

9 1 

32 9 

10 

0 66 

0 25 

318 

0 8 

2-1,050 

60 2 

— 

— 

2 

1 0 

0 53 

1850 

6 1 

0,590 

21 8 

4 C 

— 

3 

I 0 

0 22 

2120 

4 6 

10,560 

23 2 

59 

3 0 

4 

1 0 

0 11 

1500 

1 7 

102,100 

112 2 

_ 

— 

5 

1 0 

0 16 

910 

1 5 

102,000 

162 0 

5 5 

2 8 

6 

1 0 

0 15 

1900 

2 8 

10,070 

16 0 

0 1 

3 1 

7 

1 0 

0 22 

1070 

4 9 

56,400 

124 8 

6 5 

5 7 

8 

1 0 

0 14 

1400 

2 0 

5,630 

7 9 

7 8 

0 0 

9 

1 0 

0 65 

6H 

4 2 

17,000 

111 0 

5 7 

6 3 

11 

2 0 

0 23 

2490 

5 7 

11,790 

27 5 

— 

— 

14 

2 0 

0 30 

2820 

8 4 

8,000 

26 7 

4 9 

7 3 

15 

2 0 

0 18 

4420 

8 0 

6,020 

10 9 

7 1 

3 7 

16 

2 0 

0 44 

10,490 

46 0 

5,160 

22 7 

1 8 

7 6 

17 

2 0 

0 25 

6370 

16 0 

9,050 

22 6 

5 2 

3 0 

18 

2 0 

0 32 

2380 

7 6 

IS, 050 

57 7 

3 7 

2 6 

19 

2 0 

0 24 

6280 

15 0 

8,380 

20 1 

4 6 

2 3 

20 

6 0 

0 16 

7160 

11 0 

24,600 

39 3 

3 8 

5 3 

21 

6 0 

0 16 

8390 

13 0 

18,050 

28 9 

5 5 

6 1 

22 

6 0 

0 22 

3270 

7 2 

111 200 

245 0 

4 2 

21 0 

23 

6 0 

0 38 

10,700 

41 0 

13,400 

51 1 

2 8 

24 9 

24 

12 0 

0 22 

4SS0 

10 0 

49,900 

107 2 

1 3 

39 2 

25 

12 0 

0 21 

16,0S0 

34 0 

27,100 

56 6 

38 

41 3 

26 

12 0 

0 11 

26,180 

18 0 

45,200 

49 7 

4 9 

44 1 

27 

12 0 

0 12 

26,800 

31 0 

22,200 

25 8 

2 2 

42 6 


Data and discussion Tables I and II show the distribution of radioactive 
iodine in the tissues at various times after injection, the 1 127 (total iodine) con- 
centrations are also given The amounts of radioactive iodine per hundred 
grams of tissue are expressed as percentages of the dose injected All radioactiv- 
ity values were corrected to zero time For the thyroid gland, the results are 
also calculated as a percentage of the dose m the entire gland The iodine con- 
centrations determined chemically are m micrograms per hundred grams, for the 
thyroid gland, the total amount present is also listed 
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Thyroid. As is seen from the tables and figures, the thyroid gland builds up a 
concentration of radioiodine which is, at the earliest time studied (§ hour after 
injection), at least one hundred times greater than that in other tissues. The 
concentration in the thyroid continues to rise during the twelve-hour period ob- 
served in these experiments. At this time (12 hours) the radioactive iodine con- 

TABLE II 


The changes in distribution with time after administration of radioiodine together with the 
total iodine content of selected tissues 



MUSCLE 

KIDNEY 

LUNG 

LIVER 

SPLEEN 

HEART 

RABBIT 
SERIAL SO, 

In# dose 


iliiB dose 


'Iu» dose' 

Im dose 

In* dose' 

Im dose' 

per 

gram 

(X100) 

I cone. 

per 
; gram 

J (X100) 

j I cone. 

1 

i 

per 

gram 

(X100) 

I cone. 

per 

gram 

(X100) 

I cone. 

per 

gram 

(X100) 

I cone. 

per 

gram 

(X100) 

I cone. 



CT. 

t no 

: % 

7 no 

% 

7 no 

D 

7 no 

% 

7 no 

% 

7 no 



trams 

grams 

grams 

grams 

grams 

grams 

28 

1.4 

43.5 

5.5 

31.1 

5.1 

63.6 

■Si 

40.8 

4.9 

180.8 

4.3 


30 

1.3 

37.6 

7.1 

41.8 

5.7 

53.2 

1.9 

42.1 

2.0 

84.4 

4.3 

71.5 

31 

2.3 

41.6 j 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

10 

_ ! 

— 


— 

— 

— 

— 

— 

— 

— 

— 

— 

2 

4.6 

— 

10.6 

3.8 

3.0 

2.9 

1.7 

— 

2.6 

— 

3.5 

2.4 

3 

1.6 

1.1 

7.8 

7.5 

3.7 

3.7 

2.3 

1.3 

4.4 

41.6 

3.1 

3.5 

4 

— 

— 

17.6 

39.4 

— 

— 

i 

— 

— i 

— ! 

— 1 

— 

5 

— 


7.4 

1.9 

— 

— 

j 

— 

— 


! 

— 

6 ! 

1.1 1 

1.2 

11.4 1 

1.9 1 

3.6 

6.5 

2.3 

2.9 

14.7 

39.2 

1 2.8 

2.0 

7 

8 

0.8 

5.3 

9.7 

8.1 ! 

7.4 

6.5 

2.7 

11.4 

3.0 

92.1 

3.2 

1.7 

9 

11 

— 

s 



I 

— 

1.6 

1.5 

3.9 

— 

— 

— 

14 

0.7 

0.52; 

7.6 

12.3 

8.8 

5.3 

2.1 

2.4 

2.7 

— 

3.0 

3.1 

15 

3.1 

1.2 ! 

' 

— 

— 

— 

— 

— 

— 



— 

— 

16 

0.3 

0.59 

4.2 

6.4 

1.6 

4.6 

0.8 

2.0 

0.9 

— 

2.1 

1.7 

17 

0.9 

0.841 

— j 

— ! 

— 

— 

— 

— 

4.1 

— 

— 


IS 

0.4 

— 

2.6 

1.6 

1.0 

— 

1.8 

2.4 

9.2 

1.7 

2.4 


19 

' 

i 

— ! 


— 

— 

— 

— 

— 


— 


20 

0.5 

— ; 

7.2 

11.4 

2.7 

4.6 

1.2 

5.8 

— 


2.9 


21 

0.8 

1.2 

— 


— 

— 

mm 

— 

— 


— 


22 

0.5 

13.2 

4.4 

17.7 

3.6 

20.1 


19.1 

— 

WSSm 


35.4 

23 

0.6 1 

18.5 

i — 


— 

— 


— 

2.1 

38.0 

- 

— 

24 

0.3 

42.2 

4.1 

1 58.7 

1.0 

80.1 


41.6 

8.2 

164.4 

EH 

56.6 

25 

0.5 

— 

, . — 

— 

1 

— 

mis 

— 

— 

— 

— 

— 

26 

0.6 

51.0 

' 7.2 

j 11.7 

4.1 

69.6 

1.3 

37.8 

2.5 

mm 

2.4 

49.2 

27 

0.3 

i 37 ' 5 I 

! — 


- I 

— * 

i 

— 

— 

— 

— 

— 


centration is more than one thousand times that in other tissues (figures 1, 2 
and 3). 

Although over a fifth of the total dose (15 micrograms per kgm. body weight) 
was found in the thyroid glands at twelve hours, this fraction is lower than the 
amount found by Perlman, Chaikoff and Morton (14) when tracer doses were 
given to rats. With such doses, almost CO per cent of the dose had appeared in 
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Fio. 1. Chances during the Initial 12 Hours in Radioiodine 
Content or Thyroid Gland and Blood 

In the thyroid, the highest value occurs at the 12-hour interval. The blood contains 
learly one-tnird as much of the original dose at 12 hours as it contained at one-half hour. 



Fig. 2. Changes during the Initial 12 Hours in Radioiodine 
Content of Lung, Heart and Liver 

After a period of rapid increase in radioiodine content during the half-hour, a roughly 
parallel course of slowly decreasing content is described for all three tissues. After 2 
hours, the amounts present are somewhat less than those in the blood (fig. 1) but are of the 
same order of magnitude. 
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Thyroid. As is seen from the tables and figures, the thyroid gland builds up a 
concentration of radioiodine which is, at the earliest time studied (£ hour after 
injection), at least one hundred times greater than that in other tissues. The 
concentration in the thyroid continues to rise during the twelve-hour period ob- 
served in these experiments. At this time (12 hours) the radioactive iodine con- 

TABLE II 


The changes in distribution with time after administration of radioiodine together with the 
total iodine content of selected tissues 



MUSCLE 

KIDNEY 

LUNG 

LIVER 

SPLEEN 

HEART 

BABBIT 
SERIAL NO. 

[its dose 
per 
gram 
(X100) 

I cone. 


I cone. 


X cone. 

Ini dose 
per 
gram 

(Xioo) 

I cone. 

Ini dose 
per 
gram 
(X100) 

I cone. 

H 

I cone. 


% 

y/io 

% 

y/10 


y/10 

07 

y/10 


y/10 

% 

y/10 



trams 


grams 


grams 


grants 


grams 


grams 

28 

1.4 

43.5 

5.5 

31.1 

5.1 

63.6 

1.7 

40.8 

4.9 

180.8 

4.3 

61.9 

30 

1.3 

37.6 

7.1 

41.8 

5.7 

53.2 

1.9 

42.1 

2.0 

84.4 

4.3 

71.5 

31 

2.3 

41.6 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

2 

4.6 



10.6 

3.8 

3.0 

2.9 

1.7 



2.6 



3.5 

2.4 

3 

1.6 

1.1 

7.8 

7.5 

3.7 

3.7 

2.3 

1.3 

4.4 

41.6 

3.1 

3.5 

4 

— 

— 

17.6 

39.4 

— 

— 

— 

— 

— 

— 

— 

— 

5 

— 

— 

7.4 

1.9 

— 

— 

— 

— 

— 

— 

— 

— 

6 

1.1 

1.2 

11.4 

1.9 

3.6 

6.5 

2.3 

2.9 

14.7 

39.2 

2.8 

2.0 

7 

8 

0.8 

5.3 

9.7 

8.1 

7.4 

6.5 

2.7 

11.4 

3.0 

92.1 

3.2 

1.7 

9 

1 

— 

— 

— 



— 








— 


11 


— 



— 

— 

— 

1.6 

1.5 

3.9 


— 

— 

14 

0.7 

0.52 

7.6 

12.3 

8.8 

5.3 

2.1 

2.4 

2.7 


3.0 

3.1 

15 

3.1 

1.2 

— 

— 

— 

— 

— 


— 

— 


— 

16 

0.3 

0.59 

4.2 

6.4 

1.6 

4.6 

0.8 

2.0 

0.9 

— 

ipin 

1.7 

17 

0.9 

0.84 

— 

— 

— 

— 

— 

— 

4.1 

— 


— 

18 

IQ 

0.4 


2.6 

1.6 

1.0 

— 

1.8 

2.4 

9.2 

1.7 


3.1 

20 

m 

- 

7.2 

11.4 

2.7 

4.6 

1.2 

5.8 





2.9 

5.9 

21 

■ 

1.2 

— 

— 

— 

— 

u 

— 

— 

— 

— 

— 

22 


13.2 

4.4 

17.7 

3.6 

20.1 

B9 

19.1 

— 

— 


35.4 

23 

0.6 

18.5 



— 

— 

wm 

— 

2.1 


— 

— 

24 

0.3 

42.2 

4.1 

58.7 

1.0 

80.1 

0.5 

41.6 

8.2 

164.4 

0.9 

56.6 

25 

K&l 

— 

— 



— 

— 

■91 

— 

— 

■ 

— 

— 

26 

0.6 

51.0 

7.2 

11.7 

4.1 

69.6 


37.8 

2.5 


2.4 

49.2 

27 

0.3 

37.5 

— 

— 

— 

— 

n 

D 

— 

— 

— 

— 


centration is more than one thousand times that in other tissues (figures 1, 2 
and 3). 

Although over a fifth of the total dose (15 micrograms per kgm. body weight) 
was found in the thyroid glands at twelve hours, this fraction is lower than the 
amount found by Perlman, Chaikoff and Morton (14) when tracer doses were 
given to rats. With such doses, almost 60 per cent of the dose had appeared in 
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mined iodine concentrations vary considerably among the tissues as had been 
noted by previous workers (8) in studies not involving the use of radioiodine; 
consequently, no readily apparent relationship between the chemically-deter- 
mined iodine and the radioiodine content of the tissues is displayed, except the 
obvious one that the thyroid with its high content of iodine picks up a relatively 
high amount of radioiodinc. 

The distribution of radioiodine in the tissues is quite similar to the percentages 
found by Perlman, ChaikolT and Morton. This is interesting because they ad- 
ministered tracer doses of radioiodine to rabbits subcutaneously; whereas m the 
experiments reported here, 15 micrograms of iodine per kgm. were injected intra- 
\ enously. The blood value at 5 hours in their experiments was 5 6 per cent of the 
dose per 100 grams; in these experiments at 6 hours it is 4 per cent of the dose per 
100 grams. At the same time periods, the kidney values are 8 1 pci cent and 5 8 
per cent, respectively; these are certainly of the same order of magnitude 
Insofar as higher thyroid collections have been reported in hypei thyroid 
humans (7) than in animals (4), even lower values of radioiodine in tissues other 
than the thyroid might be found in hyperthyroid humans. Therefore, one might 
predict that the possibility of radiation-induced pathology should be slight m 
these tissues. Nevertheless, special attention should be given .to such organs as 
the kidnej-s, since a large proportion of a single dose is ex-creted xda the urine in 
a few days, and the possibility of a delayed, radiation-induced malignancy 
appearing in internally-irradiated organisms must be kept in mind (9). In these 
tests the total dose of radiation was so small that the radioactivity in the kidney 
almost certainly never reached dangerous levels 

SUMMARY 

The distribution of intravenously-administered radioiodine in the tissues of 
rabbits, up to 12 hours after injection, has been measured; the total iodine present 
in these tissues has also been determined chemically. The thyroid gland con- 
tained relatively high percentages of the injected dose; the other tissues studied, 
although variations are observed from tissue to tissue, all have a relatively low 
concentration of radioiodine. 

From this work and the data of others, it is concluded that to produce maximal 
concentrations of radioiodine in the thyroid gland, the total dose of iodine (1 127) 
should be kept as small as possible. 
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Procaine lias been shown to protect dogs during cyclopropane anesthesia from 
the development of ventricular tachycardia and ventricular fibrillation induced 
by the injection of epinephrine (1,2). Subsequently anesthesiologists have em- 
ployed intravenous procaine to prevent and abolish ventricular arrhythmias in 
the anesthetized human (3). Recent work in this laboratory (4) has shown that 
procaine administered intravenously in man is hydrolyzed in the body with un- 
usual rapidity to p-aminobenzoic acid and diethylaminoethanol. The high con- 
centration and relative persistence of diethylaminoethanol in the plasma suggested 
the possibility that this compound might account for some or all of the pharma- 
cologic properties of the parent drug, such as the quinidine-like action on the 
heart, local anesthesia, analgesia, spasmolytic action and anti-allergic action. 

This report is divided into two sections. The first is concerned with the 
physiological disposition of diethylaminoethanol in the body. It describes those 
factors which affect the plasma level of the drug and therefore presumably the 
therapeutic effect. The second section describes the quinidine-like action of the 
drug on the heart of the dog and man. 

SECTION I. THE PHYSIOLOGICAL DISPOSITION OF DIETHYLAMINOETHANOL 

Methods. Chemical method : The diethylaminoethanol determinations were made by 
means of a method recently dowsed in this laboratory (4). This method has been shown to 
be specific in that the measurement includes no transformation products of diethylsmino- 
ethanol. 

Preparation of tissues : Small pieces of tissues were removed from freshly sacrificed ani- 
mals. The samples were weighed and then homogenized in a motor driven glass device 
which fragmented most cells (5). 

Experimental data. Excretion and transformation of diethylaminoethanol 
(1) Intravenous administration: Two subjects received 5.6 grams of diethyl- 
aminoethanol hydrochloride 5 intravenously in 11.2 per cent solution. Urine col- 

1 This study was supported by grants from E. R. Squibb and Sorts, New Brunswick, N . J., 
and the Institute for the Study of Analgesic and Sedative Drugs. 

5 The diethylaminoethanol used in these experiments was obtained through the courtesy, 
of the Department of Medical Research, Winthrop-Stearns, Inc., New York, N. \ Novocol 
Chemical Mfg. Co., Inc., Brooklyn, N. Y., and E. R. Squibb and Sons, New Brunswick, N. 

J. Dr. D. J- Graubard kindly made available to us additional diethylaminoethanol (Yin- 

throp-Stearns). 
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lections wore made over a period of 48 hours. Plasma levels of the compound 
were measured at various intervals. 

Subject H excreted 21 and subject P 20 per cent of the administered dose as 
unchanged diethylaminoethanol. The rest of the drug was transformed in the 
body. The nature of the transformation has not been ascertained. The plasma 



Time in hours 

Fig. 1. A Comparison of Plasma Levels of Diethylaminoethanol after Intravenous 
and Oral Administration or 5.6 grams of the Hydrochloride 

levels of the drug declined rapidly, and at the end of 8 hours were almost zero, 
indicating that the drug was almost completely metabolized (fig. 1). 

(2) Oral administration: The same 2 subjects received 5.6 grams of diethyl- 
aminoethanol hydrochloride orally in aqueous solution. The urine was again 
collected over a period of 48 hours and plasma levels were measured at various 
intervals. 

The amount of unchanged drug excreted in the urine by subject H was 27, and 
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by subject P, 23 per cent. The rough similarity of the excretion of the drug after 
its oral administration with that after its intravenous administration suggests 
that the absorption of diethylaminoethanol from the gastrointestinal tract is 
essentially complete. Peak plasma levels were achieved in about 3 hours (fig. 1). 
The peak levels for the oral route are much lower than the levels which occur with 
the intravenous route. 

The distribution of diethylaminoethanol in various tissues. A dog received by 
intravenous infusion 11 grams of diethylaminoethanol hydrochloride over a one- 
hour period. Three hours later a blood sample was drawn and the animal was 
sacrificed. Diethylaminoethanol in most organ tissues was considerably higher 
than in plasma, indicating extensive localization of the drug (table I). 

TABLE I 

Distribution of diethylaminoethanol in the dog 
The distribution of diethylaminoethanol was examined in various dog tissues. The 
studies were made 3 hours after the intravenous infusion of 11 grams of the hydrochloride 


drug. The dog weighed 15 4 kgm. 

TISSUE 

CONCENTKATIOV OF DIETHYLAJiTJO- 
ETHANOL 


mgm /kgm 

Plasma 

70 

Muscle 

72 

Heart 

134 

Brain 

223 

Lung 

447 

Liver 

995 

Spleen 

1227 

Cerebrospinal fluid 

37 


The degree of binding on the non-diffusible constituents of plasma was deter 
mined by dialysis against isotonic phosphate buffer of pH 7.4 at 37°C. for 18 
hours. Visking cellulose sausage casings were utilized as dialysis bags. Little 
or none of the diethylaminoethanol was found to be bound. This is surprising 
in view of its localization in tissues. 

SECTION II. ACTION OF DIETHYLAMINOETHANOL ON CARDIAC ARRHYTHMIAS 

The 'protective action of diethylaminoethanol against eyebpropane-epinephrine- 
induccd cardiac arrhythmias in dogs. The technique described by Meek (2) was 
used to produce cardiac arrhythmias in dogs. The animals were maintained at 
second plane anesthesia with cyclopropane for thirty minutes. Preanesthetic 
medication consisted of morphine sulfate, 1 mgm. per kgm., and atropine sulfate, 
0.04 mgm. per kgm., injected subcutaneously one hour before each experiment. 
A test dose of epinephrine sufficient to produce ventricular premature contrac- 
tions followed by ventricular tachycardia (0.01-0.015 mgm. per kgm. in 5 cc. of 
normal saline) was injected intravenously at the rate of 1 cc. per 10 seconds. 
After the cardiac response to the test dose of epinephrine had worn off, a second 
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(lose of the drug invariably produced aiihythmm* again Eleetiocaidiogiams 
(lead II) vere taken continuously during the experiments 
Tiie cardiac response of anesthetized dogs to the test dose of epinephrine 
uas compared before and after the mfiaxenous admmistiation of diethjlamino- 
ethanol In this u ay each animal acted as its own control Aftci the effect of 
the test dose of epineplmne Has dissipated dietlnlnminoeth.uiol lndiochloride 
was administered mtraxcnously bj a single quick injection in doses of 2 to 7 
grams m 11 2 per cent aqueous solution Tluee minutes latci, tlie effect of an- 
othci test dose of epinejihrine Has obsened 

tabu: ii 

Prolcclnc action oj iticthylainiiwcthaniil ayatnil cpmcphi m r induced cardiac arrhythmias in 

dog* 

A test dose of epinephrine (0 01-0 015 mgm /kgm ) sufficient to pioduce tentacular 
premature conti lotions and \ eiitncuhir tuclncardm was injected intr i\ cnouslj into dogs 
under cjclopropinc unisthcsn After the effect of the drug h id subsided ditthjlammo 
ethanol was injected Three minutes 1 »lcr the lest dose of t pinephriuc was icpcatcd uid 
its effect noted 


exit so 

tvr or doc J 

DOSF OF DirTIIYEAMIVO 
ETHANOL 

| DFC8EE OP PROTECTION 

AC UNST FP1VEPHRIVE* 


kgm 

grams 


i 

15 

2 

None 

2 

8 5 

2 i 

None 

3 

8 S 

2 

Complete 

4 

12 

3 

Complete 

5 

13 

4 

Partial 

6 

12 

5 

Complete 

7 

! 13 5 

7 

Complete 


* Protection is considered complete when no ventnculai arrlijthmi i results, it is con 
sidered partial when ventricular piemature contractions occui without ventricular tachj 
cardia 


Diethylammoethanol gave complete protection to 4 dogs against the develop* 
ment of \entnculai piematuie contractions and xentiicular tachycaidia (table 
II. expts 3, 4, 6 and 7) In figure 2 aie shown excerpts fiom the ECG tracings 
of a typical experiment (expt 4) The duration of the piotcctn e action was not 
studied since it w as not the purpose of these experiments to quantify the effect of 
the diethylammoethanol, but mciely to indicate its qualitative action in dogs 
prior to human tnal Two animals, however, (expts 3 and 7) were piotected 
against the effect of furthei doses of epinephrine 15 minutes after the diethyla- 
minoethanbl admmistiation In one expenmciA (expt 5) only paitia’i protection 
was afforded by diethylammoethanol m that \entucular piemature contractions 
but not a ventnculai tachjcaidia developed after the admmistiation of epineph- 
rine Two animals (expts 1 and 2) which lecened only 2 giams each of 
diethylammoethanol were not protected from xentricular tachycardia 
p-Ammobenzoic acid, the other product of the hjdrolysis of piocame in into, 
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by subject P, 23 per cent. The rough similarity of the excretion of the drug after 
its oral administration with that after its intravenous administration suggests 
that the absorption of diethylaminoethanol from the gastrointestinal tract is 
essentially complete. Peak plasma levels were achieved in about 3 hours (fig. 1). 
The peak levels for the oral route are much lower than the levels which occur with 
the intravenous route. 

The distribution of diethylaminoethanol in various tissues. A dog received by 
intravenous infusion 11 grams of diethylaminoethanol hydrochloride over a one- 
hour period. Three hours later a blood sample was drawn and the animal was 
sacrificed. Diethylaminoethanol in most organ tissues was considerably higher 
than in plasma, indicating extensive localization of the drug (table I). 

TABLE I 

Distribution of diethylaminoethanol in the dog 
The distribution of diethylaminoethanol was examined in various dog tissues. The 
studies were made 3 hours after the intravenous infusion of 11 grams of the hydrochloride 
drug. The dog weighed 15 4 kgm. 


TISSUE 

CONCENTRATION* OP DIE THYLAia NO- 
ETHANOL 



mgm /h[m 

Plasma 


70 

Muscle 


72 

Heart 


134 

Brain 


223 

Lung 


447 

Liver 


995 

Spleen 


1227 

Cerebrospinal fluid 

• 

37 


The degree of binding on the non-diffusible constituents of plasma was deter 
mined by dialysis against isotonic phosphate buffer of pH 7 A at 37°C. for 18 
hours. Visking cellulose sausage casings were utilized as dialysis bags. Little 
or none of the diethylaminoethanol was found to be bound. This is surprising 
in view of its localization in tissues. 

SECTION n. ACTION OF DIETHYL AMINOETHANOL ON CARDIAC ARRHYTHMIAS 

The -protective action of diethylaminoethanol against cyclopropane-epinephrine- 
induccd cardiac arrhythmias in dogs. The technique described by Meek (2) was 
used to produce cardiac arrhythmias in dogs. The animals were maintained at 
second plane anesthesia with cyclopropane for thirty minutes. Preanesthetic 
medication consisted of morphine sulfate, 1 mgm. per kgm., and atropine sulfate, 
0.04 mgm. per kgm., injected subcutaneously one hour before each experiment. 
A test dose of epinephrine sufficient to produce ventricular premature contrac- 
tions followed by ventricular tachycardia (0.01-0.015 mgm. per kgm. in 5 cc. of 
normal saline) was injected intravenously at the rate of 1 cc. per 10 seconds. 
After the cardiac response to the test dose of epinephrine had worn off, a second 








Tig 4 The Effect of Diethyl iminoetiianol on Ventricuiab 
Tachicaruia iv Man (cvse 2) 

Records are excerpts (retouched) from ECG Tracings (lead I) (A) Control tracing 
Ventricular tachycardia (B) Tracing immediately following the mtiavenous injection of 2 
giams of dicthylaminocthanol (C) Two minutes later showing i eversion to normal sinus 
rhythm (D) Return to ventricular tachycardia 25 minutes later (E) Tracing recorded 
just at the completion of a fuither injection of 2 5 grams of diethy lammocthanol, showing 
reversion to normal sinus rhythm 
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of diethylaminoethanol hydrochloride ranged from 0.5 to 5 grams in 11.2 per cent 
aqueous solution injected at a rate of 1 gram per minute. 

The ectopic ventricular beats disappeared in 13 of the 14 cases (see example, 
fig. 3). The effect of diethylaminoethanol was usually apparent within 5 min- 
utes after the start of injection. The duration of effect was not predictable. In 
10 cases it was transient, lasting from 3 to 20 minutes. In 3 cases the ectopic 
rhythm had not reappeared within a week. The one patient who failed to re- 
spond had rheumatic heart disease and had been digitalized to toxicity. 



•* '■» - .*• . 
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Fig. 5. Effect of Diethylaminoethanol on Ventricular 
Tachycardia in Man (Case 3) 

Records are excerpts from ECG tracings (lead II). (A) Control tracing. Ventricular 
tachycardia. (B) Tracing recorded just after the intravenous administration of 5 grams of 
diethylaminoethanol. The reversion to the subject’s basic rhythm of auricular fibrillation 
is shown in the last two complexes. (C) Tracing taken 24 hours later. Ventricular tachy- 
cardia has not returned. 

Since ventricular tachycardia is a procession of ventricular premature contrac- 
tions, the effect of diethylaminoethanol on this arrhythmia was investigated. 
Eight cases of ventricular tachycardia were treated with the drug in various 
doses. In 6 cases there was prompt reversion to the rhythm which had been 
present before the tachycardia developed. The two in whom there was no re- 
sponse to the drug failed also to respond to other agents such as quinidine (both 
oral and intravenous), magnesium sulfate and digitalis (table III). 

Five cases with auricular fibrillation showed no response to diethylaminoetha- 
nol in that normal rhythm was not resto.. * -id the venl>:' "l«r rate was not 
changed. The underlying heart disease E ce * h «^#K»ase 

I ' Wm . 


TABLE IIP 

Treatment of tentricular tachycardia {VT) uith tntraicnous diethylammoethanol (DEAE) 



CASE 1— OS YSS HALE 

CASE 2— 41 YKS FEMALE 

CASE 3— $1 IRS MALE ■ 

CA'E 4—74 Y*S MALE 

II m t or j 

Heart failure for 3 yrs , 
etiology unknown 
Treated with digitalis 
ealt poor diet, mer 
curia! diuretics 

Hypertension, arterio- 
sclerotic heart dis 

cv»e 

Artenosclcroticand hj - 
pcrtcnsi\ e cardiov as 
cular disease with 
auricular fibrillation 
Treated w it h digitalis 
mercurial diuretics 

Generalized arterioscle- 
rosis 

Acute epi 
sode 

Auricular fibrillation 
and left hemiplegia 
Next day VT 

Anterior wall infarction 
with cardiac failure 
Treated with digi 
toxin 1 2 mgm in 5 
hrs 2 hrs later \ T 

Rapidly increasing 

heart failure Treated 
with 1 8 gms of digt 
tabs Two days later 
VT 

Coronary occlusion with 
left bundle branch 
block and ventricular 
premature contrac 
tions Next da} VT 

Treatment of 
VT pnor to 
DEAE 

None 

Quinidtne ora 11} with 
out effect 

Nono 

None 

Treatment of 
VT with 
DE\E 

2 grams DEAE Re 
version to auricular 
fibrillation in 2 mm 
VT returned in 9 mm 
Additional 3 grama 
DEAE Reversion 
to auricular fibrilta 
tlon V T did not 
recur 

2 grams DEAE Nor 
mal sinus rhythm in 

2 min VT returned 
in 23 min Addi 
tional 2 5 grams 
DEAE Normal 

sinus rb} thm to date 
(2 months) (Seo fig 

4) 

5 grama DE\E Re- 
version to auricular 
fibrillation No re 
currence of VT to 
date (2 months) 

(Sec fig 5) 

8 grams DEAE Nor- 
mal rhythm VT did 
not recur 

Remarks 

Died 12 days later from 
cerebral accident 
Autopsy largo heart, 
moderate coronarj 
arteriosclerosis 

None 

Nono 

Died 4 hrs later Au 
topay Fresh myocar- 
dial infarction of an- 
terior wall 


CASE 5—JSiKS MALE 

CASE 6—54 YES MALE 

CASE 7—60 VIS MALE 

CASE 8 — 56 VIS MALE 

History 

III pertensive cardio- 
vascular disease with 
heart failure for 3 yrs 
Treated with digitalis 
mercurial diuretics 

Hypertensive arterio- 
sclerotic card 10 vase u 
lar disease, left bemi 
plegia, diabetes mel 
litus Treated with 
protamine insulin and 
diet 

Mild diabetes treated 
with diet H>per 
tensn e heart disease, 
mjocardial infare 
tion with transient 

V T, several subse 
quent episodes of VT 

Myocardial infarction 
10 yrs ago 

Acute epi 
Bode 

Abdominal cramps and 
blood} diarrhea then 
VT 

Myocardial infarction 
Next day, shock and . 
VT 

Pulmonsr} edema with 
VT for 4 weeks 

VT for 12 weeks with 
heart failure 

Treatment of 
VT prior tc 
DEAE 

Nono 

None 

Quioidine quinine 

digitabs atabrtne, 
magnesium sulfate 
without effect 

Digitalis quinidmeand 
atabrine oral!} and 
intravenously, qui 
nine potassium chlo- 
ride without effect 

Treatment ol 
VT with 
DEAE 

[ 5 grams DEAE Re 
version to basic 
rhythm of auricular 
fibrillation No re 
currence of V T to 
date (2 months) 

C grams DEAE Nor 
mal emus rhythm 
VT returned Bhortly 
before death 12 hrs 
later 

0 grams DE\E in di 
Tided doses without 
effect VT persisted 
uninterruptedly 

8 grams DEAE in di- 
vided doses without 
effect VT persisted 
umnterruptedl} . 

Remarks 

None 

Autopsy not performed 

Died 2 months later 
Autopsy not per- 
formed 

Died Bhortly Autopsy 
not performed 


s The first 6 cases v\ ere patients at Goldwater Memorial Hospital, New York, N. Y We 
are indebted to Dr Ernst Boas, Mt Sinai Hospital, New York, N. Y , for permission to 
report case 7 and to Dr S R Slater of the Jewish Hospital, Brookl} n, N Y , for case 8. 
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and in 2 arteriosclerosis. Four patients with supraventricular tachycardia also 
did not respond to diethylaminoethanol. 

It was thought that the effect of diethylaminoethanol might be inherent in its 
hydroxyl group and that ethyl alcohol might have a similar action. However, 
the intravenous administration of 5 grams of ethyl alcohol in 5 per cent aqueous 
solution failed to abolish ectopic ventricular beats in 2 patients in whom the 
subsequent administration of diethylaminoethanol did result in suppression of 
the premature contractions. 

As discussed above, the therapeutic effect of intravenous diethylaminoethanol 
on ventricular premature contractions was transitory, lasting in most cases less 
than 20 minutes. It is worthy of note that 20 minutes after intravenous ad- 
ministration (see Section I) the plasma levels of diethylaminoethanol were still 
considerably higher than the highest levels obtained after oral dosage (fig. 1). 
This suggests that the therapeutic effect of the drug on cardiac arrhythmias is 
dependent upon a very high plasma concentration which can only be achieved 
by intravenous administration. Whether this is also true for the other effects of 
the drug is not yet known. 

Shortly after the injection of diethylaminoethanol, most subjects noted a 
peculiar taste variously described as bitter, metallic, or peppermint-like, followed 
by a sensation of warmth, dizziness and fluttering in front of the eyes. Nausea 
and vomiting were observed in about 15 per cent of the cases but did not occur 
until the change in rhythm had been effected. These side actions were usually 
transient and disappeared 10 to 15 minutes following the injection. In some 
instances a transitory fall in both the diastolic and systolic blood pressures was 
noted which disappeared within 20 minutes. 

A few normal and a considerable number of hypertensive patients exhibited a 
marked fall in arterial pressure after receiving the drug. The fall in pressure was 
accentuated by the erect position. What limitation in the use of the drug this 
action may impose is being investigated. 

SUMMARY 

Diethylaminoethanol, a product of the hydrolysis, in vivo, of procaine, was 
studied in various cardiac arrhythmias. It protected dogs under cyclopropane 
anesthesia from the development of ventricular premature contractions and ven- 
tricular tachycardia. It suppressed ventricular premature contractions for a 
short period, in human subjects. Six cases of ventricular tachycardia were suc- 
cessfully reverted by the drug. No effect was noted on auricular fibrillation or 
supraventricular tachycardia. 

Diethylaminoethanol is considerably less active than procaine.- The effective 
dose however is much safer than the correspondingly effective dose of procaine. 

The physiological disposition of diethylaminoethanol was studied in man. 
About 25 per cent of the drug was excreted in the urine; the remainder was me- 
tabolized by an unknown route. A single dose is almost completely metabolized 
or excreted in 8 hours. Considerable amounts of the compound are localized in 
the organs of the body (dog). 
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THE ANTAGONISM OF CURARE BY CONGO RED AND 
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The revival of interest in curare and its current importance in medicine and 
surgery has made it desirabie to investigate the anticurare activity of certain 
azo dyestuffs. The first observation that the injection of azo dyes into animais 
made it more difficult to curarize them was recorded by Petroff (1). Wetzloff 
(cited by Petroff) had observed the same action in the frog. Petroff (1,2) found 
that congo red was the most effective of the dyes examined for activity in the frog 
and noted that it was active both prophyiactically and therapeutically. The 
antagonism of crude curare preparations by congo red has also been observed 
by Hori (3), Hanzlik and Butt (4), Thienes (5), Ito (6) and Ishigami (7). Petroff 
(I, 2) suggested that the anticurare activity of congo red and related compounds 
was due to a reaction between curare and the colloidal azo dye micelle. This 
view was supported by a later report (8) that congo red formed a precipitate with 
crude curare. 

Afore recently Richardson and Dillon (9) reported that congo red exerts a 
direct effect on cardiac and smooth muscle. Hanzlik (10) had observed that 
congo red increased the activity of smooth muscle, particularly intestine, in vitro. 
These observations suggest that congo red and related dyes may couple with 
tissue constituents and antagonize curare by a direct action on a functional 
component involved in neuromuscular transmission. The combination of Evans 
blue (T 1824) with serum proteins (11, 12) and the well established anticoagulant 
activity (13, 14, 15) of dyes of this type provide further basis for the speculation 
that the anticurare activity of congo red may be due to its combination with tissue 
components rather than to reactions occurring between the dye and the alkaloid. 

In the present experiments the anticurare activity of congo red has been ex- 
amined using pure d-tubocurarine chloride (DTC), which is a quaternary ammo- 
nium bisbenzylisoquinoline alkaloid (16, 17), and two pure erythrina alkaloids, 
beta-erythroidine-HCl (BE) and dihydro-beta-erythroidine-HCl (HjBE), both 
tertiary ammonium alkaloids. Two preliminary reports on this work (18, 19) 
have been published. 

Methods. The compounds assayed for curare or anticurare activity were injected into 
the ventral lymph sac of the frog. The experiments were carried out at room temperature 
and three or more frogs were used in each group. Recovery from paralysis was arbitrarily 
defined as the recovery of the capacity of the frog to right itself five times consecutively 
when placed on its back. The duration of paralysis reported represents the period of time 
during which 50 per cent or more of the frogs in each group were paralyzed. 

The experiments on the rectus abdominis muscle of the frog were carried out with the 
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isolated muscle using the technique of Chang and Gaddum (2) All experiments were done 
at room temperature The extent of contraction following test doses of acet\Icholine was 
rend off a millimeter rule at the end of two minutes 

The cholinesterase acti\ ity measurements w ere carried out manomctricxlly in a standard 
V arburg assembh The solution volume w as 2 0 cc The medium w as Ringer bicarbonate, 
the acetylcholine concentration was M/50, the temperature was 37 5°C , and the gas phase 
was 95 per cent Oi and 5 per cent COi The manometers were read e\er\ 10 minutes for a 
30 mmutc period The results, per cent inhibition and normal activity , are based on the 
number of mm 3 of CO* produced in 30 minutes In the experiments in w Inch human serum 
was used as the source of cholinesterase activity, the scrum was diluted 1 to 5 with Ringer 
bicarbonate solution and 0 5 cc of the diluted serum added to the vessels In the case of 
the frog brain cholinesterase determination, 20 mgm of pooled whole frog brains homo 
genized by the technique of Potter and Elvchjcm (21) were added to each \essel 

The dialysis experiments were carried out using cellophane tubing obtained from the 
Vishmg Corp , Chicago, III The diameter of the inflated tubing was approximately 1 cm 
Most of the experiments were carried out in M/15 phosphate buffer, pH 7 4 The alkaloids 
or the azo dyes, or both, were placed inside the membrane and made up to a volume of 6 0 
cc The cellophane tube was suspended in 44 cc of 1//15 phosphate buffer m a beaker or 
graduated cylinder Aliquots were removed for turbidimetnc (Valser’s reagent) or biologic 
(paralysis of frogs) assay to determine the extent of diffusion of the alkaloids through the 
membrane These experiments were done at room temperature 

Valser’s reagent, as described by Travel! (22) has been found satisfactorv for the deter 
mmation of all three alkaloids providing the turbidity of the solution is read within 15 sec 
ends Six cc of the solution to be tested and 0 3 cc of Valscr’s reagent were mixed and the 
resulting turbidity was measured in a Ivlett Summcrson colorimeter The standards as 
well as the dialysis experiment aliquots were run in 1//15 phosphate buffer, pH 7 4 BE 
formed the least stable suspension with Valser’a reagent, flocculation of the suspension de 
creased the reading by as much as 50 per cent in 2 to 3 minutes The limit of sensitivity 
under these conditions was 15 micrograms/cc for DTC, 20 micrograms/cc for H*BE, and 
100 micrograms/cc for BE The Xlctt Summerson colorimeter readings (a logarithmic 
scale) were a linear function of the concentration of the alkaloids in the range examined 
above the lower limiting concentration However, as BL and H 2 BE give progressively 
lower values as a function of the time they arc kept in phosphate buffer, pH 7 4, the turbid 
imetric results in the dialy sis experiments are gnen in Ivlett Summerson scale units rather 
than micrograms/cc 

Results Jnvuo Duration of paralysis As is shown in table I, the duration 
of paralysis following the injection of BTC into the ventral lymph sac of the frog 
is roughly proportional to the dose in amounts aboae 2 ragm /kgm Paralysis 
of 50 per cent of the frogs has not been obsen ed with amounts of 2 mgm /kgm 
or less As is indicated m the last column of this table, the \ anation from 
experiment to experiment w as quite marked How ever, agieement betw een the 
duration of paralysis at a constant dose of BTC for sea eral groups of frogs from 
the same batch obsen ed at the same time was good 
Unna, ICmazuk and Greshn (23) found that the duration of paralysis follow ing 
the injection of the erythnna alkaloids into the a entral lymph sac of the frog w as 
roughly proportional to the dose The data obtained in the present experiments 
are in good agreement with the reported values Six mgm /kgm of BE and 0 5 
mgm /kgm of H«BE were found to paralyze the frogs for two hours The data 
indicate that BE is slightly less active than BTC and that H»BE is se\ eral times 
as potent when judged on the basis of the duration of paralysis in the frog 
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However, in other experiments carried out in this laboratory using the rat 
phrenic nerve-diaphragm preparation of Bulbring (24), 11 Z BE was found to be 
only to as active as DTC and BE less than Vtr as active. 

TABLE I 


Duration of paralysis in frogs produced by d-tubocurarine 


D-TUBOCURARINE DOSE , 

NUMBER OF EXPERI- 
MENTS 

NUMBER OF PROGS 

duration of paraly- 
sis 

variation 

mstn./hm. \ 



hours 

hours 

2 

2 

10 

0 

0 

3 

2 

10 

0.5 

0.4-0. 6 

5 

8 

24 

3.0 

2. 0-4.0 

10 

17 

SI 

6.0 

4.0-7. 0 


TABLE II 


The anticurare activity of azo dyes in frogs subsequently injected with d-tubocurarine chloride 


EXP. 

DOSt 

D-TUBOCOKA- 

BINE 

' 

DURATION 

PARALYSIS 

CONTROLS* 

TREATMENT COMPOUND 

2<K> mcm./kcm. 

INTERVAL 
BETWEEN 
INJECTION 
OF DYE 
AND 

ALKALOID 

NUMBER OF 
FROGS 
PARALYZED 

DURATION 

OF 

PARALYSIS 

INHIBITION 

OF 

PARALYSIS 

1 ! 

mgm./kgm. 

5 

hours 

3.0 

Congo red 

hours 

1 

0/4 

hours 

0 

per cent 

100 

2 ! 

5 ! 

3.2 i 

Congo red 

1 

0/4 

0 

100 

3 

5 ! 

3.5 

Congo red 

24 

0/4 

0 

100 

4 i 

5 

4.0 

Congo red 

24 

0/4 

0 

100 

5 

5 

2.5 

Congo red 

24 - 

0/4 

o 

100 

2 

' 5 

3.2 

Chlorazol fast 

1 

0/4 

1 0 

100 

5 

i 

5 

| 

! 2.5 

pink 

! Chlorazol fast 

i 

24 

1 

i 0/4 

i 

1 0 

100 

6 

1 

i 10 

i 

5.0 

t pink 

Evans blue 

; 

1 

i 

0/4 

0 

100 

7 

; io 

6.5 

Evans blue 

i 

0/4 

0 

100 

6 

! 10 

5.0 

Methyl orange 

i 

4/4 , 

5.5 

0 

7 

10 

6.5 

Methyl orange 

i 

4/4 

6.0 

7 

1 

5 

3.0 

Bis J acid urea 

i 

0/4 

0 

100 

2 

5 

3.2 

Bis J acid urea 

i 

0/4 

0 

100 

3 

! 5 

3.5 

Bis J acid urea 

24 

4/4 

1.2 

67 

4 

5 

4.0 

Bis J acid urea 

24 

4/4 

3.0 

25 

5 

1 5 

2.5 

Bis J acid urea 

24 

4/4 

1.0 

60 

S 

1 5 

3.0 

DFP 

1 

4/4 

1.5 

50 

9 

5 

4.0 

DFP 

24 

4/4 

2.0 

50 

10 

i 5 

3.0 

DFP 

24 

4/4 

1.5 j 

50 


* All frogs paralyzed. 


Prophylactic anticurare activity of azo dyes in the frog. Experiments carried 
out with both Intocostrin and pure DTC provided evidence that congo red and 
the related dyes, Evans blue and chlorazol fast pink, prevent paralysis when doses 
up to 10 mgm./kgm. of DTC are used. Thus, the observations of the earlier 



















CURARE AND CONGO RED 


31 


workers on the anticurare activity of congo red have been confirmed and extended 
to the pure alkaloid DTC. The data obtained on DTC are summarized in 
table II. 

The results of a typical experiment are plotted in figure 1. Paralysis (see defi- 
nition under methods) is plotted as a function of time. Congo red gave complete 
protection, whereas when diisopropylfluorophosphate (DFP) was used the dura- 
tion of paralysis was approximately 50 per cent of that in the controls, i.e. per cent 
inhibition by DFP equals 50 per cent. 

From the data presented in table II it is clear that congo red and chlorazol fast 
pink afford good protection even 24 hours after injection. Congo red- and 
chlorazol fast pink-treated frogs were also tested G days after injection and a pro- 
tective effect was observed although it was not complete. One compound which 



Fig. 1. Prophylactic Anticuiiare Activity of Congo Red and 
D lISOPROPYL FLUOROrnOSPHATE (DFP) 

does not contain an azo linkage, bis J acid urea, has been found to be effective. 
However, as is indicated in table II, its anticurare activity wears off much more 
rapidly than that of the azo dyes. Whether this difference is due to increased 
excretion or destruction or to the possibility that it is less active on a weight basis 
than the azo dyes has not been established. Methyl orange, a mono sulfonic 
acid azo dye, was essentially inactive, although paralysis was delayed by a half- 
hour. DFP, which is known to be a potent irreversible inactivator of cholines- 
terase, showed some anticurare activity, although not as much as that exhibited 
by the azo dyes. 

In marked contrast to the protection afforded by the azo dyes against DTC, no 
protective action was observed when the pure erythrina alkaloids, BE or HsBE, 
were used as the paralyzing agent. The data obtained using congo red and bis J 
acid urea are shown in table III. As these experiments with the erythrina alka- 
loids were done in July and August with “summer” frogs and the experiments 
with DTC had been done with “winter” frogs, the frogs used in experiments 4 
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and 6, table III, were injected 24 hours later with a paralyzing dose of DTC. As 
was expected, in each case, the control frogs were paralyzed and the Congo red- 
injected frogs were not. These experiments thus rule out the possibility that the 
failure of congo red to prevent paralysis by the erythrina alkaloids was due to 
seasonal variation either in the frogs or the temperature prevailing when the 

TABLE III 


Protection against paralytic doses of the erythrina alkaloids 


EXP. NO. 

■ 


DYE 

DOSE 

NUMBER 

OF FROGS 
PARALYZED 

DURATION 

OF 

PAR ALA SIS 

DECREASE 

IN 

DURATION 

OF 

PARALYSIS 



mgm./kgm. 


mgm.fkgm. \ 


hours 

per cent 

I 

BE* 

3 

— 

— 

6/6 

1.0 

— 


BE* 

3 

Congo red 

200 (l)t _ 

4/4 

1.0 

0 

II 

BE 

G 





4/4 

2.0 




BE 

6 

Congo red 

200(1) 

4.4 

2.5 

0 

III 

H 2 BEf 

2 

— 



4/4 

7.0 

— 


H-BEf 

2 

Congo red 

200(1) 

4/4 

8.0 

0 

IV 

ELBE 

0.5 

— 



4/4 

2.0 

— . 


ELBE 

0.5 

Congo red 

200(1) 

4/4 


0 

V 

H-BE 

1 

— 

— 

4/4 


— 


HjBE 

1 

Bis J acid urea 

200(1) 

4/4 

4.0 

11 

VI 

ELBE 

0.5 

. . 



6/6 

1.2 




H;BE 

0.5 

Congo red 

200(1) 

6/6 




ELBE 

0.5 

Bis J acid urea 

200(1) 

6/6 


16 

VII 

BE 

4 

— 



6/6 

1.4 

— 


BE 

4 

DFP 

200(1.2) 

3/6 

0.8 

45 

VIII 

BE 

4 

— 



6/6 

1.3 




BE 

4 

DFP 

200(1.5) 

3/6 

0.4 

70 

IX 

BE 

4 

— 



6/6 

2.0 

— 


BE 

4 

DFP 

100(3) 

6/6 

1.5 

25 


* Bcta-crythroidinc'HCl. 
t Dihydro-bcta-erythroidine-HCl. 

t Time interval between injection of dye and the erythrina alkaloids in hours. 


experiments were run. It should also be pointed out that the dose levels of the 
erythrina alkaloids and DTC were approximately equal in so far as duration of 
paralysis is concerned. Hence, there is a striking difference in the anticurare 
activity of congo red which is dependent on the paralytic substance used. Unna, 
Kniazuk and Greslin (23) have shown in the mouse that physostigmine and 
neostigmine are as effective antagonists for the erythrina alkaloids as they are 
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for DTC (Unna and Kimura, 25) in contrast to this difference in action of the azo 
dyes in the frog. The data in tables II and III show that in the frog DFP exerts 
some protective action against both DTC and BE. 

In view of the failure of congo red to prevent paralysis by the erythrinn alka- 
loids in the frog, it was thought desirable to determine whether DTC and one of 
the erythrinn alkaloids H.BE were additive in their curarizing activity. If this 
were found to bo the case, it would constitute suggestive evidence that DTC and 
H.BE were acting at the same physiological site. In the four experiments per- 
formed, DTC and H.BE were found to have an additive effect. In each experi- 
ment the administration of DTC and H.BE paralyzed the frogs for longer periods 
than either one alone. In one experiment amounts of each sufficient to paralyze 
only 1 out of 4 frogs, when combined paralyzed 4/4 for an average period of 90 
minutes. 

Pettoff (1) reported that Congo red exerted an anticurare action in the dog. In 
the present experiments the prophylactic anticurare activity of bis J acid urea and 
chlorazol fast pink has been examined in the cat. The LDm for intravenously 
administered DTC based on the use of 25 cats is approximately 2.5 units/kgm. 
Data obtained from 10 cats indicate that bis J acid urea and chlorazol fast pink 
increase the LD t0 by GO to 100 per cent. This increase is similar in magnitude 
to the 100 per cent increase in the LD s o reported by Unna and Kimura (25) in 
mice when phj’sostigmine or neostigmine were used prophylactically. The 
prophylactic anticurare action of bis J acid urea and chlorazol fast pink was also 
shown by the increased survival time of those treated cats that died. However, 
paralysis was not prevented completely in any of the treated animals. 

Therapeutic anticurare activity of azo dyes and related compounds. The ability 
of Congo red and related compounds to increase the rate of recovery of frogs 
paralyzed with DTC is shown in tables IV and V. The dyes were injected 30 
minutes after the alkaloid, when all the frogs were paralyzed. Congo red, 
chlorazol fast pink and dichlornzol blue (Chicago blue) were found to be effective. 
As all the azo dyes which had been found effective by Petroff (1, 2) and those used 
in these experiments contain naphthalene sulfonic acid groups, a number of 
simpler compounds of this type were tested. The only one which showed sig- 
nificant activity was bis J acid urea. This compound does not contain any azo 
linkages and is not highly colored. J acid, as well as all of the other naphthalene 
sulfonic acid compounds listed in table VI failed to decrease the recovery time of 
frogs paralyzed with DTC, Thus the anticurare activity of the naphthalene 
sulfonic compounds appears to be limited to those of relatively high molecular 
weight. The plot of a typical therapeutic experiment is shown in figure 2. 

In vitro experiments with the frog rectus abdominis muscle of the frog. Acetylcho- 
line is capable of initiating a contraction of the isolated rectus abdominis muscle 
of the frog. Under standard conditions the degree of shortening is roughly pro- 
portional to the concentration of acetylcholine. Chang and Gaddum (20) have 
made this response the basis of a biological assay for acetylcholine. The response 
of this muscle to acetylcholine can be blocked by curare (26, 27, 28). These 
observations suggested the use of this in vitro muscle preparation to study the 
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antagonism between Congo red and DTC and H 2 BE. In the present experiments 
both DTC (8 to 32 micrograms/cc.) and H.BE (5 to 15 micrograms/ec.) have 


TABLE IV 

The effect of various compounds on the recovery of frogs paralyzed with ca. 10 mgm-/kgm- of 

d-iubocurarine chloride 


COMPOUND* 

RECOVERY TXMEt 
CONTROLS 

RECOVERY TIME 
TREATED 

RECOVERY OF 
TREATED FROGS 
AS PERCENT OF 
CONTROL TIME 

1 

j 

hours 

hours 

per cent 

Congo red 

5.2 

0.9 

17 

Congo red 

7.0 

2.5 

36 

Congo red 

7.0 

3.0 

43 

Congo red 

7.0 

3.0 

43 

Congo red 

6.0 

1.0 

17 

Congo red 

4.8 

1.8 

37 

Congo red 

6.0 

2.0 

33 

Chlorazol fast pink 

5.5 

0.8 

Average 32 

15 

Chlorazol fast pink 

4.0 

1.0 

25 

Chlorazol fast pink 

7.0 

3.5 

50 

Diehlorazol 

7.0 

2.5 

36 

Dichlorazol 

7.0 

4.0 

57 

2,2' dihydro.\y-5,5'-disulfonic acid-azo- 




benzene 

7.0 

7.2 

103 

Diisopropyl fluorophosphnte (200 mgm./kgm.) 

6.0 

3.0 

50 

Diisopropyl fluorophosphate (200 mgm./kgm.) 

4.8 

2.0 

42 

Diisopropyl fluorophosphate (200 mgm./kgm.) 

6.0 

5.0 

83 

Diisopropyl fluorophosphate (200mgm./kgm.) 

5.0 

3.0 

60 

0 naphthol-4-sulfonic acid 

5.6 

5.6 

100 

Flavianic acid 

5.6 

4.2 

75 

Flavianic acid 

4.3 

4.0 

93 

Sulphanilic acid 

7.0 

l 7.0 

100 

Sulphanilic acid 

6.5 

6.3 

97 

Chromotropic acid 

6.2 

4.3 

70 

Chromotropic acid 

6.5 

6.5 

100 

Chromotropic acid 

5.6 

5.6 

100 


* Dose of all compounds ca. 200 mgm./kgm. 
t Three or more frogs were used in each determination. 


been found to block the response of the rectus muscle to acetjdcholine (0.75 to 
2.0 micrograms/cc.). 

The exposure of this muscle preparation to congo red (0.5 mgm./cc.) for 60 to 
90 minutes was observed to potentiate the response to a standard dose of acetyl- 
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choline and also to decicase the threshold concentration of acetylcholine required 
to produce a contraction. This potentiation is shown in the data included in 


TABLE V 


The cjfcct 0/ tarious compounds on. the rccouery of frogs paralysed with ca. 6 mgm./kgm. of 
d-iubocurarine chloride 


COMPOUND* 

RECOVERY TIUEt ' 

CONTROLS 

RECOVERY TOIE 
TREATED 

RECOVERY OF TRE tTED 
FROGS AS PER CENT OF 
CONTROL TIMF 


hours 

hours 

per cent 

Congo red 

3.0 

1.0 

33 

Congo red 

3 2 

X 3 

40 

Congo red 

2.0 

0.5 

25 

Congo red 

3 7 

1.3 

35 

Congo red 

>4.0 

0.8 

<20 

Congo red 

3.2 

1.7 

53 

Congo red 

2.5 

0.8 

33 

Congo red 

2.6 

0 7 

27 




Average 33 

1,3 bis J acid urea 

3.0 

0.7 

23 

1,3 bis J acid urea 

3 2 

1.0 

31 

1,3 bis J acid urea 

2 0 

0.7 

35 

1,3 bis J acid urea 

>4.0 

0.0 

<15 




Average 26 


* Compounds injected in amounts ca 200 mgm /kgm. 
t Three or more frogs per experiment 


TABLE VI 

Additional compounds which did not decrease the duration of paralysis by 
d-tubocurarine chloride 


1 

2 . 

3. 

4 

5 

6 

7. 

8 . 
9 . 

10 . 

11 . 

12 . 

13. 

14. 


1 -naphthylamine 2-sulfomc acid 
l-naphthylamine-4 sulfonic acid 
l-naphthylamine-5«sulfonic acid 
l-naphthylamine-6-sulfomc acid 
l-naphthylamine-7'Sulfonic acid 

1- naphthylamine-8-sulfonic acid 

2 - naphthylamine-l-sulfonic acid 
2 -naphthylamine-6*sulfonic acid 
2-naphthylaminc-5,7-disulfonic acid 
2 -naphthylamine-l,6 disulfonic acid 

1- amino-2-naphthol-4-sulfonic acid 

2- amin o-8-naphthol-6-sulf oni c aci d 

1- amino S-nnphthol-6-sulfonic acid 

2- amino-5-naphthol-7-sulfonic acid (J acid) 


tables VII and VIII. Congo red was not observed to exert any direct action on 
the muscle although it was stained red and repeated washings failed to remove 
the dye. As is shown in table VII, when the muscle was maintained in the Congo 
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red solution DTC failed to exert its expected blocking action. It can also be 
seen that even if as much Congo red as will wash out has been removed from the 
muscle, some protection against the blocking action of DTC remains. 

In contrast to the protection afforded by congo red against DTC, when the 
erythrina alkaloid H 2 BE was used complete inhibition of the acetylcholine re- 
sponse was obtained even though congo red was present throughout the exposure 
to the alkaloid. The data are shown in table VIII. Thus, the data obtained 
using the rectus muscle preparation are in harmony with the results in the frog 
in vivo, namely, that protection is afforded by congo red against DTC but not 
against H 2 BE. 

The observation that congo red is capable of potentiating the response of the 
rectus to acetylcholine suggested the possibility that congo red may possess 


PER 

CENT 


COMPOUNDS 

INJECTED 



mg/kg. 
mg./ kg. 
mg / kg. 


Fig. 2. The Effect of Congo Red and 1,3-bis (J acid) Urea on the Recovery of 
Frogs Paralyzed by d-Tubocurarine 


anticholinesterase activity. The anticurare activity of inhibitors of cholinester- 
ase made it of importance to investigate this possibility. 

The anticholinesterase activity of azo dyes. Massard and DuFait (29) reported 
that sulfonic acid azo dyes do not inhibit the cholinesterase activity of horse 
serum. The highest concentration of congo red employed in their experiments 
was 2 X 10- 4 M. It is known that cholinesterase from different sources is 
inhibited to a different extent by the same concentration of inhibitor (30). In 
view of this fact, as well as the observations on the rectus muscle, congo red and 
related compounds have been examined as cholinesterase inhibitors using human 
serum and frog brain as the source of the enzyme. 

The data obtained on the anticholinesterase activity of congo red and related 
compounds are summarized in table IX. Congo red has been found to be a mod- 
erately potent inhibitor of frog brain cholinesterase activity. However, DFP is 
five hundred times more active. The data on Chicago blue, chlorazol fast pink 
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TABLE VII 


Prevention by congo red of the blocking action of d iubocurarme on the response of the frog 
rectus to acetylcholine 


EXP 

I 

TEST DOSE 
OP 

ACE TV ECHO 
USE 

cosc 
or coxco 

RED 

1 

DURATION 
or EXPOSURE 
TO CONGO 
RED 

conc or 

D TUBOCURA 
RlNt 

DURATION 
OP EXPOSURE 
TO 

D-TUBOCU 

KARINE 

RANGE OP 
RESPONSE Or 
THE MUSCLE 

INHIBITION 

BY 

D TUBOCU 
KARINE 


micro 1 

grams/cc 

mgm fee I 

minutes 

micro 
trams fee 

minutes 1 


per ctni 

1 

0 75 

— 

— 

— 

— 

4 0-80 



0 75 

0 50 

70 

— 

— 

14 0-15 0 



0 75 

0 50 

100 

33 

30 

14 0-19 0 

0 

2 

0 75 


_ 




2 0-30 



0 75 

0 50 

GO 

— 

— 

6 0-60 



0 75 

— 


33 

30 

4 0-50 

25 

3 

1 5 





— 



10-30 



1 5 

0 50 

CO 

— 

— 

6 0-75 



1 5 

— 

— 

33 

30 

2 0-30 

03 

4 

0 75 



_ 





12 0-19 0 



0 75 

— 

— 

8 

30 

0 

(100)" 


30 minutes later after rinsing j 





0 25 

— 

— 

— 

— 

10 5-11 5 



0 25 

O 50 ! 

G2 

— 

— 

17 5-21 5 



0 25 

-- 

— 

S 

31 

19 0-21 5 

0 


• Before exposure to congo red 


TABLE VIII 


Failure of congo red to prevent the blocking action of dthydro beta erythroidme on the response 
of the frog rectus to acetylcholine 


EXP 

TEST DOSE i 
Or ACETYL 
CIIOLINE 

CONC 

or congo 

RED 

DURATION 

or 

EXPOSURE 
TO CONCO 
RED 

conc or | 

DIHYDRO 
BETA ERY 
THROIDINE 

DURATION Or 
EXPOSURE ' 
TO DIHYDRO 
BETA ERY 
THROIDINE 

HANCE OP 
RESPONSE OP 
THE MUSCLE 

INHIBITION 

BY DIHYDRO 
BETA ERY 
THROIDINE 


micro 

grams/cc ' 

tngm fee 

minutes 

micro 

grams/cc | 

minutes 

mm 

per cent 

1 

1 5 

— 

— 

— j 

— 

2-3 



2 5 

— 

— 

— 

— 

6 5-8 



1 6 

0 5 

100 

— 

— 

14 -16 



2 5 

0 5 

100 

— 

— 

19 -21 



1 5 

0 5 

115 

12 

15 

0 

100 


2 5 

0 5 

115 

12 

15 

0 

100 

2 

1 5 

— 

— 

— 

— 

10 -11 



1 5 

0 5 

96 

— 

— 

24 -26 



1 5 

0 5 

111 

12 

15 

0 

100 

3 

3 0 

_ 

— 

_ 

— 

3-4 



3 0 

0 5 

90 

— 

— 

8 -10 



3 0 

0 5 

105 

6 

15 

0 

100 
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and bis J acid urea show a wide range in the anticholinesterase activity of the 
effective anticurare sulfonic acid compounds. Chlorazol fast pink has very little 
anticholinesterase activity except at extremely high concentrations and bis J 
acid urea is only one four hundredths (rhr) as active as congo red. 

Congo red (the azo dye with the highest anticholinesterase activity in vitro ) 
and DFP, in doses of 200 mgm./kgm. have been examined for an effect on frog 
brain cholinesterase activity in vivo. Whereas DFP was found to inhibit 70 to 
75 per cent of brain cholinesterase activity, congo red did not measurably inhibit 
activity. 

Thus, the investigation of the cholinesterase inhibiting properties of the effec- 
tive anticurare azo dyes has shown that several of the dyes are moderately active 
inhibitors in vitro. However, the lack of any obvious correlation between cho- 
linesterase inhibiting activity and anticurare activity, the lack of effect on brain 
cholinesterase activity in vivo, and the failure to exert an anticurare activity 
when the erythrina alkaloids were employed, indicated that the anticurare 
activity of the azo dyes is not due chiefly to their anticholinesterase activity. 


TABLE DC 

The concentration of congo red and related compounds required to inhibit 60% of the 
cholinesterase activity of human serum and frog brain in vitro 


COMPOUND 

PROG BRAIN 

HUMAN SERUM 

Diisopropyl fluorophosphate 

1.7 X 10" 7 iff 

8 X 10- 8 iff 

9 X 10' 4 iff 

Congo red 

7.5 X lO -5 iff 

Evans blue 

9.0 X KT 6 iff 



2.0 X 10 -4 iff 


l,3-bis(J acid) urea 

1.8 X 10"’ iff 

>1 X 10 -2 iff 

Chlorazol fast pink 

>1 X 10' 2 iff 





Evidence for a direct combination between congo red and DTC. It has been ob- 
served, in agreement with Petroff’s (8) observation with crude curare, that Congo 
red and DTC will, under certain conditions, form a heavy red precipitate. An 
investigation of this phenomenon has disclosed that this precipitate is formed at 
a neutral pH in water and also occurs in ilf/15 phosphate buffer, pH 7.4. It has 
been found that the mole ratio of DTC to congo red is the determining factor in 
the formation of the precipitate. If the mole ratio of DTC to congo red is less 
than 1:4, no precipitate will form. As the mole ratio is increased to 1:2, the 
bulk of the congo red is precipitated out of solution. Data illustrative of this 
point are shown in table X. The amount of congo red in solution after the pre- 
cipitate had been centrifuged off was measured colorimetrically and the results 
are expressed in Klett-Summerson colorimeter scale units. The initial concentra- 
tion of congo red was 0.01 per cent. 

At a mole ratio of 1 : 1 congo red is completely precipitated out of solution and 
examination of the supernatant solution by both frog assay in vivo and turbidi- 
metric assay with Valser’s reagent showed no detectable DTC to be present. 
The limiting sensitivity of these methods makes it possible to state that at least 
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75 per cent of the DTC on the basis of the frog assay and 90 per cent on the basis 
of the turbidity test had been removed from the colorless supernatant solution by 
the formation of the precipitate The observation of Hnnzlik (31) that Congo 
red prevents the formation of a precipitate when Mayer’s reagent (a mercuric 
iodide reagent as is Valscr’s) is added to several alkaloids has been confirmed in 
the case of DTC and Yalser’s reagent Hon ever, this effect of Congo red does not 
influence the result of the turbidimetnc assay as all of the congo red had been 
precipitated from the solution by the addition of DTC Thus, both the congo 
red and DTC are contained m the precipitate, which indicates that some type of 
combination has occurred and that the precipitate is not simply a "salting out” 
of the colloidal dye Further evidence of the formation of a complex between 
DTC and congo red is provided by the observation that this precipitate can be 
dissolved in excess congo red Excess DTC will not dissolve the precipitate 


TABLE X 

Precipitation of congo red by d lubocurartne chloride trc phosphate buffer pH 7 


won RATIO D-TUBOCURAR1NE 

COS CO RED 

| CONGO RED REMAINING IN SOLUTION ELETT SUMMER SON SCALE UNITS 

Experiment 1 

Experiment 2 

0 

1400 

1350 

0 13 

1420 

1330 

0 25 

— 

12S0 

0 40 

1220 

— 

0 50 

500 

600 

0 60 

— 

40 

0 75 

10 

20 


An examination of E\ ans blue, Chicago blue, chlorazol fast pink and bis J acid 
urea has shown that the mole ratio of DTC to the dye required to produce a pre 
cipitate vanes among these compounds A mole ratio of 4:1 is required to 
precipitate Evans blue Chicago blue and chlorazol fast pink are in the same 
range as Evans blue and bis J acid urea is in the same range as congo red Evans 
blue, chlorazol fast pink and Chicago blue contain more sulfonic acid groups per 
molecule than do Congo red and bis J acid urea It appears likely that the forma- 
tion of a precipitate is due to the formation of salt linkages between the alkaloid 
and the sulfonic acid groups of the dye molecules 
The formation of a precipitate by the combination of DTC and a sulfonic acid 
compound is not limited to the colloidal sulfonic acid azo dyes For example, 
methyl orange, a mono azo compound having one sulfonic acid group, also forms 
a precipitate with DTC This compound, as mentioned previously, did not 
significantly decrease the duration of paralysis produced by DTC although its 
induction was delayed 

The use of the erythnna alkaloids m place of DTC has shown that BE and 
H 2 BE up to mole ratios of 20*1 do not form a precipitate with congo red 
The formation of an insoluble complex between DTC and Congo red and its 
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reversal by the addition of excess Congo red suggest that DTC forms a soluble 
complex with dyes of this type. Measurement of the absorption spectrum of 
Congo red in the visible region in a Beckman spectrophotometer did not show any 

TABLE XI 


Dialysis experiments with d-tubocurarine chloride and azo dyes 


EXP. NO. 

INSIDE MEMBRANE* 

PERIOD or 

PASSAGE OF D-TUBOCURARINE 
THROUGH MEMBRANE 

Amount of 
d-tubocurarine 

Dye 

DIALYSIS 

Frog assayf 

Turbidimetric 

assay 


tngm. 

tngm. 

hours 

hours 

micrograms/cc . 

I 

10 

— 

2.5 

2.0 

— 


10 

— 

18. 

4.0 

— 

II 

10 



3.5 

4.0 




10 

Congo red 10 

3.5 

0 

— 


10 

Evans blue 10 

3.5 

0 

— 

III 

10 



22. 

3.0 




(Aliquot from inside membrane) 

22. 

3.5 

— ' 


10 

Congo red 10 

22. 


— 


10 

Evans blue 10 

22. 


— 

IV 

10 

Methyl orange 10 

20. 

2.5 

— 

V 

10 

Methyl orange 10 

22 

3.5 

— 

VI 

1 

— 

1.5 

— 

10 


1 

— 

19. 

— 

20 


1 

Congo red 10 

1.5 

— 

0 


1 

Congo red 10 

19. 

— 

o 

VII 

2 

— 

1. 


Trace 


2 

— 

4. 

— 

20 


2 

— 

24. 

— 

36 


2 

— 

60. 

— 

36 


2 

Bis J acid urea 10 

1. 

— 

0 


2 

Bis J acid urea 10 

4. 

— 

0 


2 

Bis J acid urea 10 

24. 

— 

Trace 


2 

Bis J acid urea 10 

i 60. 

— 

Trace 


* 5.0 to 6.0 cc. Af/15 phosphate buffer pH 7.4 inside membrane. 44.0 to 45.0 cc. il//15 
phosphate buffer pH 7.4 outside membrane. 

t 0.5 cc. aliquot from outside the membrane (except as noted in Exp. Ill) was injected 
into 3 to 6 frogs. 

shift in the absorption curve when small amounts of DTC were added. It was 
thought that if such a complex was formed its presence could be demonstrated by 
the use of a membrane impermeable to Congo red and related dyes but permeable 
to DTC. 

Dialysis experiments. The results of the dialysis experiments are summarized 
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in tables XI and XII. DTC and the erythrma alkaloids passed through the 
cellophane membrane when dissolved in phosphate buffer, pH 7 4, while Congo 
red and related dyes did not When DTC and tho nzo dyes were both placed 
inside the membrane, DTC no longer diffused through Methyl orange, which 
forms a yellow precipitate with DTC, did not prevent the diffusion of DTC 
through tho membrano although its diffusion was slower 


TABLE MI 

Dialysis experiments u.ilh the erythrtna alkaloids and congo red 


Exr i*o 

INSIDE ME VI BEANE* 

CONGO BED 

' 

TFRIOD or 
DIALYSIS 

DURATION Or 
PARALYSIS | 

i 

! XURBIDI METRIC 
ASSAYt 

Beta er> 
throidinc 

Oihydio-btla 

erythroidmc 


fngm 

rngnt 

mgtn 

hours 

hours 


I 

— 

5 

— 

2 

— 

425 


— 

5 

— 

4 

— 

% 550 


— 

5 

20 

2 

— 

500 


— 

5 

20 

4 

— 

500 

II 

5 

__ 



2 



2 


5 

— 

— 

4 

— 

14 


5 

— 

20 

2 

— 

4 


5 

— 

20 

4 

— 

20 

III 



5 



2 

4 0 

700 



5 

20 

2 

3 5 

GG0 

IV 


5 

— 

2 | 

3 5 

580 


— 

5 

20 

2 

3 5 

G00 

V 

10 



_ 

3 | 

0 5 




10 


20 

3 

0 7 



* 7 0 cc M/15 phosphate buffer pH 7 4 inside membrane 23 0 cc M/15 phosplmto 
buffer pH 7 4 outside membrane 
t Klett Summerson Scale Readings 


In contrast to the prevention of DTC diffusion through the membrane by the 
azo dyes, the diffusion of the erythrma alkaloids was not noticeably altered The 
mole ratio of Congo red to the erythrma alkaloids was approximately 2:1 in these 
experiments In the dialysis experiments with congo red and DTC a mole ratio 
of 1.1 as well as 10.1 prevented the passage of DTC through the membrano 
Thus the dialysis experiments with DTC and the sulfonic acid compounds in- 
dicate that they form a non dialyzable complex and that the erythrma alkaloids 
do not form one Hence, the results of the dialysis experiments support the 
hypothesis that congo red and related compounds owe their anticurare (DTC) 
activity chiefly to a reaction occurring between the alkaloid and the dye rather 
than to the action of the dye on a functional tissue component involved m neuro- 
muscular transmission 
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Discussion. The data presented in the preceding sections clearly demonstrate 
that congo red and related compounds possess anticurare activity in the frog when 
d-tubocurarine (DTC) is the eurarizing alkaloid, and that no such activity can 
be detected when the erythrina alkaloids, beta-erythroidine (BE) and dihydro- 
beta-erythroidine (H 2 BE) are used. DFP exerted some anticurare activity 
against both DTC and BE. Physostigmine and neostigmine are known to an- 
tagonize DTC in other species and TJnna, Kniazuk and Greslin (25) have found 
this to be true for the erythrina alkaloids as well. Thus it appears that the sul- 
fonic acid azo dyes are effective anti-DTC agents by some other mechanism than 
that (or those) involved in the anticurare activity of neostigmine, physostigmine 
and DFP. 

The anticurare activity of DFP is presumably due to its anticholinesterase 
activity, and while both neostigmine and physostigmine are potent anticholines- 
terases, there is evidence that this action is not entirely due to anticholinesterase 
activity (32). The observation that several of the azo dyes are moderately po- 
tent cholinesterase inhibitors suggests that this action might be the basis of their 
anti-DTC activity. However, their failure to protect against the erythrina alka- 
loids and the practically indetectable anticholinesterase activity of chlorazol fast 
pink, both tend to rule out this phenomenon as the basic action on which the anti- 
DTC activity is dependent. 

In so far as is known both DTC and the erythrina alkaloids block neuromuscu- 
lar transmission by acting at the same site. The lack of precise knowledge of the 
details of processes involved in transmission through the neuromyal junction 
makes it apparent that this is an assumption which may or may not be justified, 
even though in a broad sense their pharmacologic action in this area is the same. 
The observation that the tertiary amine, BE, and the quaternary amine, DTC, 
are additive in their eurarizing activity, at least in the frog, also supports this as- 
sumption. As there is no evidence that the erythrina alkaloids act in a different 
manner, the assumption that they are acting on the same functional tissue com- 
ponent appears justified. This reasoning leads one to suspect that the anti-DTC 
activity of the azo dyes is due to their prevention of the DTC from reaching, or its 
removal from, its site of action. Evidence that DTC reacts with Congo red and 
related compounds to form a non-dialyzable complex has been presented. Under 
similar conditions no such complex formation was noted in the case of the ery- 
thrina alkaloids and congo red. The evidence thus indicates that the anti-DTC 
activity of congo red and related compounds is due chiefly to this reaction, al- 
though the anticholinesterase activity may contribute to this action in the case 
of some of the compounds. 

The observation that more DTC is required to precipitate equivalent amounts 
of Evans blue and chlorazol fast pink than congo red and bis J acid urea may be 
due to the number of sulfonic acid groups on these molecules. Evans blue and 
chlorazol fast pink have four, whereas congo red and bis J acid urea each have 
two. The formation of a precipitate of DTC and methyl orange, a monosulfonic 
acid dye, in less than a 1:2 mole ratio suggests that the interaction of DTC and 
the sulfonic acid groups of the dyes is involved in the reaction. The data suggest 
that as the sulfonic acid groups of these molecules are successively bound, pre- 
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sumably in a salt linkage, with DTC, the solubility of the dye micelle is decreased 
and finally results in a precipitate. 

The data presented in tables XV and V indicate that the Congo red accelerated 
rate of recovery of frogs paralyzed with both the 5 and 10 mgm./kgm. dose of 
DTC remained the same when expressed as a percentile function of the duration 
of paralysis in the controls. The dose of congo red was the same in both cases 
and represented a mole ratio of approximately 40 to 1 and 20 to 1, respectively. 
As the congo red is present in large excess in both cases this suggests that the 
limiting reaction is the dissociation rate of the DTC-tissue component complex 
rather than the reaction between the alkaloid and the dye. 

The hypothesis that effective anticurarc agents might be of value in the treat- 
ment of myasthenia gravis (33) led to the use of neostigmine in the treatment of 
this disease. Similar reasoning has led to the use of congo red in the treatment of 
this disease (34). Only a few patients were treated and some improvement was 
reported. The results obtained in the experiments reported in the paper indicate 
that congo red, apart from its anticholinesterase activity, would be effective only 
if the production of an agent similar to DTC rather than to BE were the cause of 
the paralysis encountered in these patients. Thus, the further investigation of 
Ravin’s preliminary report on Congo red might be useful from the standpoint of 
gaining some understanding of the disease. 

SUMMARY 

Congo red and related compounds prevent paralysis in the frog when d-tubo- 
curarine chloride is the curarizing agent, but not when beta-crythroidine-HCl or 
dihydro-beta-erythroidine • HC1 is the curarizing agent. Congo red also shortens 
the recovery time of frogs paralyzed with d-tubocurarine chloride. 

Congo red prevents the inhibition by d-tubocurarine of the response of the iso- 
lated frog rectus abdominis muscle to acetylcholine. The inhibition by the 
crythrinn alkaloids is not prevented. Incubation with congo red potentiates the 
response of the frog rectus muscle to acetylcholine. 

Congo red is a moderately potent inhibitor of frog brain cholinesterase activity 
in vitro but no inhibition was observed in vivo. Related compounds varied in 
their anticholinesterase activity and there was no apparent correlation between 
this property and their anti-d-tubocurarine activity. 

Congo red and related compounds prevent the passage of d-tubocurarine 
through a cellophane membrane but do not affect the passage of the erythrina 
alkaloids. Additional evidence, i.e. precipitate formation, is presented which 
indicates that d-tubocurarine and congo red form a complex which is soluble or 
insoluble depending on the mole ratio of d-tubocurarine to congo red. 

The evidence which supports the hypothesis that congo red and related com- 
pounds are effective against d-tubocurarine because of a reaction with d-tubocu- 
rarine rather than an action on a functional component of the myoneural junction 
is discussed. 

Acknowledgment. The author is indebted to Dr. Newcomer of Squibb and 
Sons for the d-tubocurarine chloride, to Dr. Major of Merck and Co. for the 
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Action on the isolated guinea pig uterus. The antihistaminic drugs de- 
scribed here were found to stimulate the isolateduterus. The minimal stimulating 
doses were: WIN 2848 — 6.3, WIN 2875 — 5.7, WIN 2876—5.7, and tripelenna- 
mine — 6.3. Histamine stimulated the isolated uterus at these dilutions. The 
antihistaminic agents used in this investigation do not antagonize this contracture 
and appear to be histamine-like on the isolated guinea pig uterus. 

TABLE 1 


Spasmolytic action on the isolated intestinal segment 



It 

CH : CH, 

1 / 

N — CH»CH»N 

CH, 

II N 

0 





SPASMOLYTIC POTENCY* 

DRUG 

R 

Histamine con- # 
tracture (guinea pig 
ileum) 

! Acetylcholine 
contracture (rabbit 
ileum) 

WIN 284S 

3-thienyl 

8.3 

6.0 

WIN 2875 

2-chloro-3-thienyl 

7.2 

5.3 

WIN 2876 

2-bromo-3-thienyl 

7.9 

5.3 

Thenylpvraminet 

2-thienyl 

7.7 

6.5 

Tripelennamine} 

phenyl 

7.4 

6.0 


* Expressed as the log of the effective dilution as determined by stiller, Taiafer and 
Becker (G). Values represent concentration of base. 

t ‘Histadyl,’ Eli Lilly and Co., Indianapolis, Ind., courtesy of Dr. K. K. Chen. 

} ‘Pyribenzamine,’ Ciba and Co., Summit, N. J., courtesy of Dr. Frederick F. Yonkman. 

Action on blood pressure. The blocking effect on the vasodepressor action 
of histamine was determined in dogs. The test animals were anesthetized with 
sodium barbital and carotid blood pressure was recorded kymographically. All 
drugs were made up in distilled water and injected into the exposed femoral vein. 
An amount of histamine was injected to give a 40-60 mm. fall in blood pressure, 
the particular dose selected being used throughout the entire experiment. Five 
minutes after injection of the antihistaminic drug, histamine was again injected 
and the per cent antagonism determined from the difference between the falls 
obtained before and after drug administration. The standard dose of histamine 
was injected at 5 minute intervals until the initial response could be obtained in 
order to determine the duration of the drug effect. Results are shown in table 2. 
WIN 2848 and tripelennamine appear to be equally effective, no blocking action 
being observed until after the administration of a dose of 0.1 mgm./kgm. 

Action in the bronchioles, a. Dung perfusion. Guinea pig lungs were 
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pei fused by the method of Sollman and Von Octtingcn as modified by Thornton 
(7). All injections nere made into the perfusion cannula near the lungs. The 
modification in the rate of flow elicited by histamine alone was compared with 

TABLE 2 

Htslamine blocking action in dogs 


(Histamine acid phosphate injected intra\enously to produce a fall m blood pressure of 
40-00 mm Hg The per cent reduction in response after antihistamimc drug administra- 
tion Mas determined ) 


DUG 

NUMBER or EXPERI- 
MENTS 

DOSE I \ 

IMST AMINE 
ANTAGONISM 

APPROXIMATE DURA 
TION OP EFFECT 



mgm / kgm 

per cent 

mtnules 

WIN 2S4S* 

3 

0 10 

22 

20-35 


6 

0 50 i 

53 

00 

WIN 2S76* 

3 

0 10 

No effect 



1 

0 50 

No effect 



2 

1 00 

18 

25 

Tripelennamine 

3 

0 10 

19 

10-20 


4 

0 50 

5S 

60 


* Dose expressed as mgm base 


TABLE 3 


Htslamine blocking action on the isolated perfused guinea pig lung 


DRUC 

NUMBER 
or EXPERt 
ME NTS 

DOSE* 

CONTROL 

EXPERIMENTAL 

EFFECT 



mgm 

cc fmtn 

| cc Imw 

CC /mui 

cc /mtn 

per cent 

WIN 2848 

3 

0 0043 

45 

17 

44 

42 1 

93 


3 

0 0037 

50 

25 

47 

46 

96 

WIN 2875 

2 

0 043 

44 

24 

43 

37 

30 


4 

0 087 

52 

27 

52 

49 

12 

WIN 2S7C 

3 

0 087 

56 

32 

56 

48 

33 


3 

0 43 

49 

23 

49 

48 

96 

Tripelennamine 

3 

0 043 

49 

23 

43 

33 

19 


4 

0 0S7 

51 

28 

48 

46 

87 

Epinephrine 

5 

0 01 

53 

26 

52 

58 

121 


* Dose expressed as mgm base 


that obtained after injecting histamine with the antihistammic diug. Results 
obtained are shown in table 3. These data suggest that WIN 2848 is more active 
than tripelennamine and as active as epinephrine in its bronchodilator action. 

6. Htslamine asthma in guinea pigs. Healthy guinea pigs, weighing from 250- 
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mgm./kgm. (1.64 micromols) whereas in the antihistaminic assay the dose of 
histamine employed is equivalent to increasing the LD 50 to 0.5 mgm./kgm. (4.5 
micromols). It might be assumed from these data that 1 micromol of WIN 2848 
and tripelennamine neutralized approximately 57 and 28 micromols of histamine, 
respectively. 

Protective action against the percutaneous effects of histamine in 
man. Histamine diphosphate, 0.5-2.0 per cent, in a vehicle containing carbitol, 
octyl alcohol, ethyl alcohol and distilled water was applied to the skin of the 
forearm. The local reactions noted were itching, erythema and wheal formation. 
WIN 2848 in a concentration of 2.5-10 per cent in the above vehicle was applied 
10 minutes to 5 hours before histamine. This treatment resulted in a marked 
reduction in the severity of the symptoms. Luduena and Ananenko (12) have 
described these findings in more detail elsewhere. 

TABLE 6 


Acute toxicity of antihistaminic drugs in albino mice 


DRUG 

LD*o S.E. IN MGit./EGU. BASE 

Intravenous 

Subcutaneous 

WIN 2848 

17 ±1.0 

46 ± 8 

WIN 2875 

20 ±2.0 

142 ± 8 

WIN 2876 

18 ±0.6 

85 ±12 

Tripelennamine 

17 ±1.0 

64 zt 5 

Diphenhydramine 

31 ±0.8 

126 ± 7 



Toxicity. The acute toxicity of each of these compounds, as the hydro- 
chloride salt in aqueous solution, was determined in male albino mice weighing 
between 18 and 22 grams by both intravenous and subcutaneous administration. 
The volume of solution injected was maintained at 0.35 ± 0.15 cc., and a rate of 
1.0 cc./minute was employed for the intravenous injections. The mice were kept 
in a controlled environment at 24.5°C. Deaths were tabulated during the 24 
hours following injection after which time the LDso ± s.e. was calculated (14). 
Results obtained are shown in table 6. The three WIN compounds appear to be 
of the same order of toxicity as tripelennamine when administered intravenously 
in mice whereas diphenhydramine is approximately one-half as toxic. By sub- 
cutaneous injection, tripelennamine and WIN 2848 appear to be equally toxic 
while diphenhydramine is approximately one-third as toxic. Of the two 
halogenated derivatives of WIN 2848, both are less toxic than the parent com- 
pound, the chloro- (WIN 2875) being less toxic than the bromo- (WIN 2876) 
compound by subcutaneous injection in mice. 

Discussion. The description by Staub (1) in 1939 of the antihistaminic action 
of N-phenyl-N-ethyl-N'N'-diethylethylenediamine (1571F) initiated a series of 
investigations in an effort to determine the importance of the various substitu- 
ents on the nucleus =NCH 2 CH»N=. It was soon established that two methyl 
groups on one of the nitrogens were favorable for antihistaminic action (Hal- 
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pern, 2) Similarlj the substituents on the second amine have been varied The 
substitution of a benzj 1 (‘Anteigan’) in place of the ethyl group of N'-phenyl- 
N'-ethyl N, N-dimethxlethjlenediammc (2325 RP), the replacement of the 
phenyl gioup of the latter by a 2 pyndyl (tnpelennamine), a 2 thenyl 
(thenylpyiamme) or 3-thenjl (WIN 2848) group has resulted m a progressive 
increase m antihistaraimc actn lty The obsen ed increases w ould not be antici- 
pated from these changes in structure This is veil illustrated by the observed 
difference in activity between the 2 thenyl (log do^e 7 7) and 3 thenyl (log dose 
8 3) analogs Litchfield cl al (15) have reported that halogenation of the 
2 thenyl dern atn e resulted in a distinct inci ease in antilnstaminic activity Our 
halogenated dem atives (WIN 2875 and WIN 2876) were found to be significantly 
less actn e than the unsubstituted compound (WIN 2848) This difference be 
tween the 2- and 2-tlienyl analogs may arise from the difference in the position 
of the halogen gioups In the formei they are in the 5 and m the latter in the 2 
position on the thiophene ring 

Feinberg (13) m his recent review of antihistammic agents has indicated a 
reasonably good correlation betneen antihistammic action in experimental am 
mals and subsequent clinical experience in the treatment of allergic disorders in 
man The data presented here suggest that WIN 2848 may also be found to be 
a useful agent for the treatment of allergies 

SUMMARY 

1 WIN 2848 is a highly active antagonist of histamine and is more potent in 
its antihistammic actions than are the chloro- and bromo- substituted analogs, 
WIN 2875 and WIN 2876 

2 The antihistammic drugs investigated here stimulate the isolated guinea 
pig uterus 

3 WIN 2848, m a dose of 0 013 mgm /kgm , protects guinea pigs against 2 8 
intravenous lethal doses of histamine 

4 WIN 2848 diminishes the effects of histamine given percutaneously to man 

5 WIN 2848 does not appear to be significantly more toxic than structurally 
similar antihistammic drugs 

The authors wish to acknowledge the technical assistance of Miss Estelle 
Ananenko, Mrs Gw endolyn Tones, Mrs Evelyn Alexander, Mr D K Seppehn 
and Mrs Nettie Beglin 
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mgm./kgm. (1.64 micromols) whereas in the antihistaminic assay the dose of 
histamine employed is equivalent to increasing the LD 60 to 0.5 mgm./kgm. (4.5 
micromols). It might be assumed from these data that 1 micromol of WIN 2848 
and tripelennamine neutralized approximately 57 and 28 micromols of histamine, 
respectively. 

Protective action against the percutaneous effects of histamine in 
man. Histamine diphosphate, 0.5-2.0 per cent, in a vehicle containing carbitol, 
octyl alcohol, ethyl alcohol and distilled water was applied to the skin of the 
forearm. The local reactions noted were itching, erythema and wheal formation . 
WIN 2848 in a concentration of 2.5-10 per cent in the above vehicle was applied 
10 minutes to 5 hours before histamine. This treatment resulted in a marked 
reduction in the severity of the symptoms. Luduena and Ananenko (12) have 
described these findings in more detail elsewhere. 

TABLE 6 


Acute toxicity of antihistaminic drugs in albino mice 


DRUG 

LB#0 ± S.E. IN MGil./KGU. BASE 

Intravenous 

.... 1 

Subcutaneous 

WIN 2848 

17 ±1.0 

46 ± 8 

WIN 2875 

20 ±2.0 

142 ± 8 

WIN 2876 

18 ±0.6 

85 ±12 

Tripelennamine 

17 ±1.0 

64 ± 5 

Diphenhydramine 

31 ±0.8 

126 ± 7 



Toxicity. The acute toxicity of each of these compounds, as the hydro- 
chloride salt in aqueous solution, was determined in male albino mice weighing 
between 18 and 22 grams by both intravenous and subcutaneous administration. 
The volume of solution injected was maintained at 0.35 =fc 0.15 cc., and a rate of 
1.0 cc./minute was employed for the intravenous injections. The mice werekept 
in a controlled environment at 24.5°C. Deaths were tabulated during the 24 
hours following injection after which time the LD 6 o ± s.e. was calculated (14). 
Results obtained are shown in table 6. The three WIN compounds appear to be 
of the same order of toxicity as tripelennamine when administered intravenously 
in mice whereas diphenhydramine is approximately one-half as toxic. By sub- 
cutaneous injection, tripelennamine and WIN 2848 appear to be equally toxic 
while diphenhydramine is approximately one-third as toxic. Of the two 
halogenated derivatives of WIN 2848, both are less toxic than the parent com- 
pound, the chloro- (IVIN 2875) being less toxic than the bromo- (WIN 2876) 
compound by subcutaneous injection in mice. 

Discussion. The description by Staub (1) in 1939 of the antihistaminic action 
of N-phenyl-N-ethyl-N'N'-diethylethylenediamine (1571F) initiated a series of 
investigations in an effort to determine the importance of the various substitu- 
ents on the nucleus =NCH 2 CH»N=. It was soon established that tw r o methyl 
groups on one of the nitrogens were favorable for antihistaminic action (Hal- 
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There is need for a simple in mo assay for the study of parasympatholytic 
agents useful for routine testing Bulbring and Dnucs recently described a 
graded response assay based on the inhibition of salivary secretion m the anesthe- 
tized cat (1) This method is excellent but does not lend itself readily to the 
study of parasympathomimetic inhibition following administration by tarious 
routes, nor to the determination of duration of action To satisfy these needs, 
an assay for paras\ mpathofy tic nctn ltv has been dc\ eloped which can be carried 
out routinely on unancsthetized rats It makes use of an nll-or none response 
and permits simple statistical analysis The inhibition of the response induced 
by a parnsy mpathomimctic agent is used as the end point in the assay The use 
of this method for the study of three compounds is described below 

Procedure Acct>l 0 mcth>lchohne chloride (Mecholyl) is used as the paras) mpatho 
mimetic stimulant throughout this nssa) (2) At a doso Ic\ cl of 10 mgm /hgm adminis 
tered intopcntoneally to normal rats, the most pronounced and consistent response is a 
profuse lacrimation slight!) tinged with blood The inhibition of this response is used as 
the end point of the assaj The rat is the animal of choice because the response is always 
clean cut and casify detected in this species Lacrimation occurs about 2 minutes after 
injection of Mechofy 1 and usuallj continues for 5 minutes, all evidence of lacrimation disap 
pears wuthm 15 minutes, and the animals can be used again for duration studies 

In general, the experimental design is the same as that for other all or none assays 
Potencj determination is based on comparison of the doses of unknown and standard para 
sympatholytic agent which protect 50 per cent (PD») of the rats against lacrimation due to 
10 mgm /kgm of Mecholyl injected mtaperitoncnll) Tour groups of 6 to 12 rats each, 
selected at random from the same “colon) arc gi\en logarithmically graded doses of the 
unknown or standard b) the intrapentoneal route Fifteen minutes after administration 
of the parasympatholytic agent all animals arc injected w ith Mecholyl, and the number of 
animals from each group responding is noted These data arc used for estimating the PDw 
and relative potenc) values compared to a standard agent By repeating the Mecholyl 
stimulation at 15 or 30 minute intervals, the duration of action at the various dose levels 
of the parasympathol) tic can be studied If the duration is to be followed for a long period 
of time (1 e , after oral administration) it is adusable to reduce the frequency of Mecholyl 
stimulation When the test compound is given b) stomach tube, the animals are injected 
intraperitoneally with Mecholyl 30, 60, and 90 minutes after the oral dosage It has been 
found that withholding food from the animals for 16 hours prior to the test decreases the 
variability of tho results . 

Statistical anal) sis of the all or none assay is well established (3, 4, 5), and the choice of 
methods depends upon the degree of accuracy desired 
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Results and discussion. The dose of Mecholyl (10 mgm./kgm.) used to 
induce lacrimation is well above the EDioo (table 1) and always induces lamina- 
tion in normal untreated animals. In order to justify the frequent injections of 
Mecholyl in the duration studies, it was necessary to establish that previous doses 
of Mecholyl do not affect the sensitivity to subsequent doses of this drug. To- 
ward this end the intraperitoneal ED B o for lacrimation was determined in 3 groups 
of rats equally divided between the sexes, as follows: (1) untreated control ani- 
mals; (2) Mecholyl, 10 mgm./kgm. intraperitoneally, 15 minutes prior to assay; 
and (3) Mecholyl, 10 mgm./kgm., both at 15 and 30 minutes prior to the EDso 
determination. Table I summarizes the results of this experiment as calculated 
by the method of Wilcoxon and Litchfield (5). There is no significance of differ- 
ence (P = 0.05) for the ED 50 and slope values of the 3 groups, indicating that 10 
mgm./kgm. of Mecholyl is not cumulative and does not influence the response to 


TABLE I 

Data showing effect of pretreatment with Mecholyl on subsequent EDm of Mecholyl for 

lacrimation in unaneslhetized rats 


GROUPS 

NO. OF 
ANIMALS 

EDso 

f ED»* 

SLOPE 

tslope* 

Untreated controls 

48 

mtm.tkgm. 

0.52 

1.31 

1.81 

1.38 

Mecholyl 10 mgm./kgm. I. P. 15 min. 
before assay 

48 

0.56 

1.35 

1.70 

1.48 

Mecholyl 10 mgm./kgm. I. P. 15 and 30 
min. before assay 

48 

0.55 

1.31 

1.95 

1.53 

Combined male results 

72 

0.54 

1.20 

1.62 

1.18 

Combined female results 

72 

0.54 

1.21 

1.86 

1.36 


* The "f ” of a term is the factor by which the term is multiplied and divided to determine 
its confidence limits at P = 0.05. 


subsequent injections. Likewise the data for each sex, when combined, indicate 
no sex variation in response (table I). 

Previously in this laboratory compound SC 1703 1 (Diethylaminoethyl-xan- 
thene-9-carboxylate methochloride) was found to have outstanding parasympa- 
tholytic activity. It was, therefore, arbitrarily selected as the standard for com- 
parison in preference to atropine. The results of 14 assays of SC 1703 are given 
in table II, lines 1-14. These data were obtained over the course of 6 months, 
employing 3 different colonies of 100 rats each. The colonies were replaced every 
few months when the rats became too large to handle with ease. None of the 
animals was used more than once a week, and groups for assay were selected at 
random from the available animals. For the purpose of comparison, the results 
for each colony have been combined and the values in table II, lines 15-17, deter- 
mined in the usual manner (5). It will be noted that the PD 50 and slope values 
are quite consistent within each colony and among the colonies (P = 0.05). 
Weight, age and sex differences have no apparent influence. These facts tend to 

i SC 1703 was synthesized by Richard A. Robinson and SC 1222 by John W, Cusic, to 
whom the authors wish to express their gratitude. 










1 37 

1 48 

1.18 

1 GO 

1 80 

1.47 

1 84 

1 71 

1 59 

1 55 

1 74 

1 3S 

1 6S 

1 91 

1 58 

1 58 

1 77 

1 45 

1 47 

1 62 

1 30 

1.60 

1 82 

1 50 

1 60 

1 82 

1 50 

1 56 

1 74 

1 42 

1 51 

2 06 

1 56 
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TABLE III 

Comparison oj the parasympatholytic activities of SC 1703 with atropine sulfate and SC 1232 
in the unanesthclizcd rat ( inlraperiloneal administration ) 


1703 

(9-2-48)* 

ATROPINE SULFATE 

(9-2-48)* 

1703 

(4-29-48)* 

1222 

(4-29-48)* 

Dose 

1 

Pt 

D 

Dose 

Pt 

D 

Dose 

Pt 

D 

Dose 

Pt 

D 

mgm./kgm. 


mgm./tgm. 


mgm.fkgm. 1 


mgm./kgm. 


0.25 

0/12 

WSm 

0/12 

0.5 

3/12 

0.5 

0/12 

0.5 

7/12 

WMm 

1/12 

1.0 

7/12 1 

1.0 

1/12 

1.0 

9/12 


9/12 

2.0 

mmm. 

2.0 

3/12 

2.0 

10/12 

m 


4.0 

m 

4.0 

7/12 

PD W 0.62 

0.38 

0.86 

3.38 

fpD.ot 1.48 

1.28 

1.51 

1.60 

Slope 2.40 

1.54 

2.58 

2.32 

falopot 1.65 

1.23 

2.10 

1.83 

Potency 1 


1.63 

1 


0.25 

^Potency! 


1.60 

— 

- 

1.83 


* The date of the assay is given in parentheses. 

P _ Number protected 
' D Number dosed 
X Same as in Table I. 


TABLE IV 


Comparison of the parasympatholytic activity of SC 1703 following inlraperiloneal and 

oral administration 


INTRAPERITONEAL 

ORAL 

Dose 

pt 

D 

Dose 

Pt 

D 

mgm./tgm. 


mgm./tgm. 


0.5 

0/6 

32 

1/5 

1.0 

3/6 

64 

2/5 

2.0 

4/6 

128 

3/5 

4.0 

6/6 

256 

5/5 

PDeo 1.03 

1 84 


Ifd.o* 1-60 

1.92 

Slope 2.02 

2.15 

f slope* 1.5S 

2.01 

Patio 1 


i 82 


fRatio* * • "" 

- 

2.23 


* Same as in table I. 

■f Same as in table III. 


The results at 15 minutes have been used for potency estimation since this is the 
point of maximum inhibition. 

As an example of the use of this method, a comparison of the intraperitoneal 
parasympatholytic activity of the standard (SC 1703) with atropine sulfate, and 
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compound SC 1222 1 (9-Diethylaminoethylphenothiazine methoiodide) is pre- 
sented in table III. The data show that atropine and SC 1222 have, respec- 
tively, 1G3 and 23 per cent of the activity of SC 1703, and these differences are 
significant. 

The use of the method for determining the oral activity of SC 1703 is illustrated 
in table IV. The results at 90 minutes after oral administration w ere used be- 
cause this was the point of maximum protection. The usual results at 15 min- 
utes for intrapcntoneal administration are also given. On the basis of these data, 
the oral PD S0 is approximately 82 times the intraperitoneal PD 10 . 

SUMMARY 

A simple all-or-nonc assay for parasympatholytic agents using unane.'ithetized 
rats is described. The assay is based on the inhibition of lacrimation induced by 
Mecliolyl Weight, age and sex differences have no apparent influence on the 
results Action following various routes of administration can be studied. Ex- 
amples are given for intrapcntoneal and oral routes of administration. 
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The recent development of structural analogues of vitamins has made possible 
new approaches to the problems of vitamin deficiency, since some of these com- 
pounds have been shown to be biological antagonists for the related vitamins. 
They exhibit a specific inhibition of growth of those bacteria for which the vitamin 
is an essential nutritive element. In animals the administration of these sub- 
stances produces manifestations which have been associated with the deficiency 
of the particular vitamins, and these effects are reversed or prevented by the 
administration of the vitamins. The best known example of this phenomenon is 
the competitive inhibition between sufonamides and para-aminobenzoic acid (1). 
Woolley (2) has made a series of experimental observations with compounds re- 
lated to various vitamins and his work has done much to develop the concept of 
biological antagonism. He found that two compounds showed marked antago- 
nism against niacinamide (3) ; pyridine-3-sulfonic acid inhibited microbial growth, 
while 3-acetylpyridine produced signs of deficiency in animals which did not 
appear when niacin also was administered. 

Rachmilewitz and Braun (4) have shown in a series of clinical investigations, 
that niacin deficiency may cause marked alterations in the electrocardiogram. 
They described abnormalities of the T wave, S-T segment, and even the appear- 
ance of intraventricular block. The prompt disappearance of these changes fol- 
lowing niacin therapy led to the conclusion that these electrocardiographic abnor- 
malities are caused by niacin deficiency and hence are a part of the pellagra 
syndrome. 

In order to determine whether the induction of an acute “deficiency” state in 
the heart by the administration of 3-acetylpyridine could be demonstrated, we 
have undertaken studies on the isolated rabbit heart. 3-Acetylpyridine, an 
anologue of niacin in which the — COOH group of the vitamin had been ex- 
changed for — COCH 3 , was chosen because it has produced signs of pellagra in 
experimental animals. 

Methods. A modified Langendorff preparation of the rabbit’s heart was made. The 
perfusion fluid entered the aorta above the valves; a small hole was made in the wall of the 
left ventricle, through which the fluid left the heart. A modified Tyrode-Locke solution 
was used as perfusion fluid; each liter contained: sodium chloride 9.0 grams, sodium bicar- 
bonate 1.0 gram, potassium chloride 0.2 gram, anhydrous calcium chloride 0.2 gram, glucose 
1.0 gram, magnesium chloride 0.1 gram. A mixture of 5 per cent carbon dioxide and 95 per 
cent oxygen was bubbled continuously through this solution. The pH of the solution was 
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7.5 and it remained constant, even when 3-acetylpyridinc (in a concentration of 1:500) or 
niacinamide (in a concentration of 1:1000) were added. The perfusion apparatus was 
connected with two containers so that two different solutions could be interchanged quickly. 
The temperature of the perfusion fluid was kept constant at 37°C., by means of two water- 
jackets. A small Burgical needle with a thread soaked in saline was inserted carefully into 
the cpicardium at the apex of the left ventricle. This thread was in constant touch with 
the effluent, which was collected in a small container. The thread was used as the direct 
electrode. Serial electrocardiograms were taken on a direct writing machine (Viso-cardi- 
ette). 

Twenty-eight experiments were performed according to the method described. Several 
concentrations of 3-acetylpyridinc and of niacinamide were used in these experiments. 

Results. 1. Controls. Five control experiments were performed without 
addition of any drug, in order to observe the reliability of the method. It tvas 
found that during a period of 90 minutes the heart rate did not change signifi- 
cantly. The T-waves showed a gradual decrease in height during this time. 
After 90 minutes, the heart rate became progressively slower and auriculo- 
ventricular block of various degrees developed. In two of these experiments 
premature beats were seen at the beginning, but these disappeared quickly after 
the heart had been perfused. 

2. Administration of 3-acetylpyridine. 3-Acetylpyridine was given in two 
ways: a) in a less concentrated form mixed with the perfusion fluid, and b) in a 
more concentrated form administered by a syringe directly into the cannula in 
the heart, while the perfusion fluid was flowing from the container. 

A concentration of 1:1000 to 1:5000 of the drug w T as used as a continuous 
perfusion in 9 experiments. The drug W'as administered only after the electro- 
cardiogram was unchanged for a period of at least 15 minutes. In all these 
experiments, disturbances of rhythm appeared within 10 to 34 minutes after 
the beginning of the infusion of the antivitamin (table 1). In seven, A-V block 
of second or third degree w'as seen and in tw r o, ventricular fibrillation occurred. 
The A-V block w'as reversible in 8 to 15 minutes by a perfusion with niacina- 
mide in concentrations of 1 : 100,000 to 1 : 500,000. In 3 of these experiments, the 
entire procedure could be repeated a second time. A protocol of a typical experi- 
ment is shown in table 2. In one experiment, the A-V block could not be re- 
versed by niacinamide. Ventricular fibrillation occurring after administration 
of the antivitamin was abolished, in 1 of the 2 experiments, by perfusion with 
niacinamide. 

In 3 experiments, electrocardiographic abnormalities w r ere produced with the 
antivitamin and the effect of continued perfusion with normal fluid alone was 
observed. It was found that such a control perfusion for a period of 25 minutes 
did not abolish the arrhythmias. In four experiments, 3-acetylpyridine was 
given in a more concentrated form (1:500 to 1:1000) by a syringe directly into 
the perfused heart. Arrhythmias appeared in every instance after 1 to 3 minutes . 
This effect could be reversed by niacinamide after 1 to 4 minutes, administered 
in the same way and in concentration of 1 : 50,000 and 1 : 100,000. In one of these 
experiments the procedure was repeated 5 times and each time the arrhythmia 
w T as abolished by niacinamide. 

The heart was perfused from the beginning in 3 experiments with niacinamide 
in a concentration of 1 : 100,000. The direct administration of 3-acetylpyridine 
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in a concentration of 1 : 1000 by a syringe, while the perfusion fluid was running, 
did not produce any abnormalities. 

3. Administration of niacinamide. In 3 experiments, arrhythmias of various 
kinds were observed from the beginning and these did not change for a period of 

TABLE I 


Effects of continuous perfusion with S-acelylpyridine and niacinamide 


EXP. NO. 

EFFECT OF ANALOGUE 

TIME REQUIRED 

EFFECT OF NIACINAMIDE 

TIME REQUIRED 



min. 


min. 

l 

A-V block 

is 

Reversal to normal 

12 

2 

A-V block 

10 

Reversal to normal 

14 

3 

A-V block 

26 

Reversal to normal 

12 

4 

A-V block 

23 

No change 

25 

5 

Ventricular fibrillation 

21 

Reversal to normal 

8 

6 

A-V block 

16 

Reversal to normal 

S 

7 

A-V block 

34 

Reversal to normal 

15 

8 

Ventricular fibrillation 

16 

No change 

15 

3 

A-V block 

25 

Reversal to normal 

11 


TABLE II 

Summary of data of one experiment (No. 6) 


TIME AFTER START 

OF EXPERIMENT 

: 

DRUG PERFUSED 

CONCENTRATION 

ECG APPEARANCE 

min. 




15 

0 (control) 

0 

Normal 

20 

3-Acetylpyridine 

1:5000 

Normal 

24 

3-Acetylpyridine 

1:5000 

Normal 

2S 

3-Acetylpyridine 

1:5000 j 

Normal 

32 

3-Acetylpyridine 

1:5000 

Normal 

36 

3-Acetylpyridine! 

1:5000 

A-V block (second degree) 

40 

3-Acetylpyridinej 

1:5000 ! 

A-V block (second degree) 

44 

Niacinamide 

1:500,000 

A-V block (second degree) 

48 

Niacinamide 

1:500,000 

A-V block (second degree) 

52 

Niacinamide 

1:500,000 

Normal 

56 

Niacinamide 

1:500,000 

Normal 

60 

Niacinamide 

i 1:500,000 

Normal 

64 

3-Acetylpyridine 

1:5000 

Normal 

6S 

3-Acetylpyridine 

| 1:5000 

Normal 

72 

3-Acetylpyridine 

1:5000 

Normal 

76 

3-Acetylpyridine 

1:5000 

A-V block (second degree) 

SO 

3-Acetylpyridine 

l 1:5000 

A-V block (second degree) 

S4 

Niacinamide 

i 1:500,000 

A-V block (second degree) 

SS 

Niacinamide 

1:500,000 

A-V block (second degree) 

02 j 

Niacinamide 

! 1:500,000 

Normal 

96 

Niacinamide 

| 1:500,000 

Normal 


30 minutes. The addition of niacinamide to the perfusion fluid in a concentra- 
tion of 1:200,000 and 1:500,000 abolished these disturbances in 2 cases after 8 
and 11 minutes. Thus the beneficial effect of niacin on the isolated heart prepa- 
ration, observed by Calder (5), was confirmed. 
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Discussion It is reasonable to assume that the administration of 3 ncety lpyr- 
ldine caused an acute interference with the normal functions of niacinamide in 
the isolated heart as has been shown to be the case m intact animals In this nay 
an acute "deficiency ” apparently has been produced, which causes maiked altera- 
tions in the function of the heart, as demonstrated by the appearance of i anous 
arrhythmias This may be regaided as additional e\ idence for our prex ious ob- 
servations (4) that clectiocardiographic abnormalities may occur as a sign in 
niacin deficiency 

Niacinamide plays an important part m the normal metabolism of the animal 
It isa constituent of two impoitant compounds which aro ins ohedm many enzy- 
matic reactions diphosphopyndinc nucleotide (coenzyme I) and triphosphopy r- 
ldine nucleotide (coenzyme II) Niacinamide is therefore probably necessary 
for the normal actix lty of the heart and its deficiency should interfere with the 
function of the heart 

In the isolated heart there is a continuous perfusion of the lieai t muscle and it 
is possible that some niacinamide may be w ashed out by the fluid, especially' since 
a continuous exchange between niacinamide and the coenzymes takes place 
Thus, in the course of experiments which mxoUc perfusion of an isolated heart 
with Ringer’s solution, a lelative “deficiency” may' dexelop and impair cardiac 
function Addition of niacinamide and perhaps of other xitamins to such per- 
fusion fluids is suggested since they may exert a beneficial effect on the perfused 
heart and permit better standardization of this preparation 

Generally, largei amounts of the antagonist are needed to rexerse the action 
of the normal metabolite In our experiments it was found that the concentra- 
tion of the antmtemm had to be at feast VM times greater than that of tho vita- 
min to cause definite changes This suggests that the normal \ itamm has fl much 
greater affinity for the affected system than does the antagonist The re\ ersal 
of the change in the series with continuous perfusion also took less time (average, 
13 minutes) than did the production of the electrocardiographic abnormalities 
(average, 21 minutes) 


SUMMAHl 

The perfusion of an isolated heait with an analogue of niacin, 3 acetylpyndme 
produced marked electrocardiographic abnormalities Administration of nia- 
cinamide caused a reversal of these changes 

I am indebted to Dr L N Katz for his advice in the execution of this study 
and to Dr S Rodbard foi lus suggestions in the preparation of this report 
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Introduction. The need for a method of treating animals or men poisoned 
with sodium mono-fluoroacetate 2 (1080) has been evident for some time. Rodent 
control operations in which 1080 was used have resulted in accidental poisoning 
of sheep and to a minor extent of cattle and swine. 3 The possibility that pets 
will be accidentally poisoned exists with all rodenticides but is particularly 
strong with 1080. The marked susceptibility of dogs to fluoroacetate (1) and 
the fact that they may eat rodents poisoned with 1080 makes secondary poisoning 
of this species possible even when effective measures are taken to deny them 
access to poisoned baits or water. 

Previous attempts to treat 1080 poisoning were based on the following: 

(a) The concept that fluoroacetate specifically and competitively inhibits 
acetate metabolism (2, 3). It was found (4) that acetate administered in large 
amounts either before or after fluoroacetate failed to prevent death or prolong 
survival in rabbits. (However, in the isolated rabbit heart, perfusion with 
acetate was found to protect against the action of fluoroacetate (4)). 

(b) The fact that cardiac arrythmias and ventricular fibrillation are the cause 
of death in some species (1). Quinidine, procaine, and p-aminobenzoic acid 
have been employed to prevent or control these in monkeys, the results being 
encouraging but not strikingly successful (4). 

(c) The fact that fluoroacetate produces tonic convulsions leading to death 
from respiratory failure in some species (1). Pentobarbital anesthesia was 
reported to be of no value in dogs (1). 

(d) The belief that fluoroacetate inhibits intermediary carbohydrate metab- 
olism at a step critical for resynthesis of phosphocreatine (5). Cori, Colowick, 
et al. administered citrate, glutamate, and succinate to rats poisoned with 
fluoroacetate without therapeutic effect (5). 

The possibility of a new and successful attack on the problem of treating 1 0 

poisoning was raised by recent experiments on the biochemical mechanism of 
inhibition of oxidations by fluoroacetate. Hutchens and McMahon (G) reported 
that in unicellular organisms 1080 is not a specific inhibitor of acetate metabolism 

1 The work described in this paper was done under contract with the 5 led i cal Division, 
Chemical Corps, U. S. Army and the University of Chicago Toxicity Laboratory. Under 
the terms of the contract the Chemical Corps neither restricts nor is responsible for the 
opinions or conclusions of the authors. 

! For the origin of the symbol 10S0 sec Kalmbach, F. : Science, 102: 232, 1945. 

! Personal communication, Mr. Justus Ward, U. S. Fish and Wildlife Service. 
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and that acetate oxidation is, as a matter of fact, less sensitn e to inhibition by 
1080 than is pyruvate oxidation Black and Hutchens (7) have shown that, if 
acetate is added to yeast suspensions after 1080, a prolonged induction period 
precedes oxidation of the acetate They showed, however, that ethanol in 
catalytic amounts markedly shortens this induction period More extensive 
experiments along these same lines have been earned out in this laboratory and 
will be reported elsewhere 

We therefore undertook a study of the effects of ethanol, acetate, and vanous 
other substances on 10S0 poisoned animals The results, which are presented 
below , indicate that 1080 poisoning can be successfully combatted in some species 
of animals 

Materials and Methods Antmals Mice used were Maple Grove male and female 
albinos ranging m weight from 20 to 27 grams No differences in susccptibiht\ of the two 
sexes were noted, and no distinction is made between them in reporting results Before 
use, and following the treatment and early observation period, the mice were kept in air 
conditioned animal quarters at 27°C Laboratory temperatures in the interim periods 
ranged in various experiments from 18 to 25°C Treated and control groups of mice in any 
experiment were exposed to identical conditions 

Guinea pigs used ranged in weight from 175 to 900 grams, mostly about 300 grams 

Rabbits weighed from 2 to 3 hgm 

Dogs ranged in w eight from 4 to 12 kgm and were purchased from dealers All dogs 
received homologous 6erum for respiratory infections and distemper vaccine at least tw’o 
w eeks before use The quarters in w hich guinea pigs, rabbits and dogs were housed varied 
in temperature from 20 to 30°C in various experiments 

Mice and dogs were fed Way nc Dog Blox, guinea pigs and rabbits Purina Rabbit Pellets 
Wlule the animals had food and water available at all times, none except successfully 
treated ones ate or drank appreciable amounts during the first twenty four hours after 
poisoning 

Poisoning The desired dose of 1080 dissolved in normal saline w as administered by the 
following routes and in volumes indicated mice, 10 cc /kgm subcutaneously , guinea pigs, 
1 0 cc /kgm intraperitoncally, rabbits, 0 5 cc /kgm subcutaneously , dogs, 0 1 cc /kgm 
intravenously 

Mortality data Animals were closely observed for at least the first three hours after 
poisoning Times of death were recorded so that average surviv al time could be calculated 
Deaths occurring w ithin ten days were recorded Wherever sufficient data were available, 
the LDm, its standard error, and the fiducial limits (p = 0 01) were calculated by the method 
of Bliss (8) As will be noted below, we have employed a graphical test of significance of 
differences in percentage mortality Points falling outside the curve delimiting the fiducial 
limit for p = 0 01 wore considered as significantly' different 

Experimental results Description of poisoned animals In general our 
observations on 1080 poisoned animals confirm those previously reported (1) 
for animals poisoned with methyl fluoroacetate Certain additional observations 
are perhaps worthy of mention 

Mice poisoned w ith 1080 exhibited no signs of poisoning for thirty to forty-five 
minutes except with the highest doses employed At these doses (40-100 
mgm /kgm ) signs w ere evident in tw enty minutes First noted m all cases was 
depression of the animals They moved little, but scratching the cage or touch- 
ing the animals caused them to start and frequently to move about By forty- 
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five to sixty minutes the mice were prostrate and convulsing intermittently. 
It was noted that both treated and untreated mice were anuric for long periods of 
time in spite of relatively large amounts of fluid administered. 

All 1080 poisoned mice and guinea pigs at some time exhibited a hyperirritable 
state, responding to a stimulus by a start similar to that seen in strychnine 
poisoned animals. Handling of the animals in such a state sometimes produced 



Fig. 1. D osage -mortality Cubve fob Mice Injected Subcutaneously with 1080 and 
the Effect of Various Materials on Mortality 

Dotted curved lines indicate fiducial limits (p = 0.01), Symbols: O, untreated; • 1, 
0.5 cc. solution containing 1.3 per cent ethanol plus 13 per cent sodium acetate thirty 
minutes after 10S0; • 2, 800 mgm./kgm. ethanol five to ten minutes after 1080; • 3, 2000 
mgm./kgm. ethanol twenty minutes after 10S0; • 4, 4000 mgm./kgm. ethanol twenty 
minutes after 10S0; • 5, 800 mgm./kgm. ethanol thirty minutes, four hours, eight hours 
and ten hours after 1080 (repeated doses) ; and • 6, mice anesthetized with 100 mgm./kgm. 
pentobarbital before poisoning, 2000 mgm./kgm. ethanol twenty minutes after 1080. All 
agents given subcutaneously in normal saline. 

a convulsive seizure terminating in death. This was particularly true for guinea 
pigs. This suggested the use of barbiturates ( vide infra ) which, however, had no 
demonstrable additional effect on mortality in mice or guinea pigs when used in 
conjunction with ethanol. 

Dogs displayed no signs of poisoning for two to four hours following the doses 
employed. The first sign of poisoning was an apprehensive period during which 
the dog walked about, then barked or howled. This was followed by one or 
more convulsive seizures until one of these led to death from respiratory failure. 
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Except in the experiments in which pentobarbital was used no dog which had a 
convulsive seizure survived. 

Toxicity of 1080 for mice. As a basis for testing the effect of various materials 
on poisoning with given doses of 1080 a dosage-mortality curve for this substance 
was established for mice. The results obtained using a total of 77 mice at 0 
different doses are shown graphically in fig. 1. 

The LDso for mice was found to be 19.3 mgm./kgm. with fiducial limits 
(p = 0.01) of 15.8-23.7 mgm./kgm. 

Treatment of mice with acetate plus ethanol. Our first attempts to treat 1080 
poisoning were suggested by the finding (7) that ethanol catalyzed the early 
oxidation of acetate by yeast previously poisoned with 1080. We, therefore, 
injected ethanol and acetate subcutaneously into 10S0 poisoned mice using 
approximately the same proportions (1:10) used in yeast experiments. Rela- 
tively large amounts of the mixture were given with the idea of supporting a large 
fraction of the metabolism of the animals for a considerable period. The doses 
employed and the observed mortalities are presented graphically in fig. 1. 
Mice were used in groups of 10 for establishing these points. 

The results of these experiments indicated that the mixture of acetate plus 
ethanol had a significant effect on mortality following 1080 administration. 
The appearance of the animals in itself gave evidence of the beneficial effects, 
the treated animals being neither as prostrate nor as hyperirritable as the un- 
treated ones. The treated animals also began to eat and drink sooner than the 
surviving untreated animals. Those animals dying in the treated groups tended 
to die later than the untreated animals. The numbers, however, were too 
small to establish a significant difference between mean times of death. 

Treatment of mice with ethanol alone. Because acetate is produced by oxida- 
tion of ethanol and because of the finding (7) that such acetate is rapidly oxidized 
by 1080 poisoned yeast, we decided to employ ethanol alone. The results of 
several such experiments are also presented graphically in fig, 1. Mice in 
groups of 10 were used to establish the points shown. The ethanol was injected 
subcutaneously, 0.2-0.5 cc. of a 10 per cent solution in normal saline being given. 

These experiments indicated clearly that ethanol alone was an effective 
therapeutic agent in mice. The increased effectiveness of the ethanol when 
given 5-10 minutes after poisoning, i.e. before symptoms appeared, is apparent. 

Effect of various metabolites on 1080 poisoning. Because acetate is probably not 
oxidized as such but is transformed to an intermediate of the tricarboxylic acid 
cycle before oxidation, a series of other intermediates of carbohydrate breakdown 
were tested for their effect on 1080 poisoning. In addition two amino acids were 
tested. 

When 500 mgm./kgm. of the following substances were given subcutaneously 
ten minutes before 1080 or ten minutes following 1080 no significant effect on 
mortality was observed: citrate, succinate, fumarate, malate, glycerol, pyruvate, 
glycine and glutamic acid. Neither were 5.0 mgm./kgm. of dinitrophenol of 
benefit although extra oxygen consumption induced in frog muscle by this sub- 
stance persists following addition of fluoroacetate (5). 

Effect of barbiturate anesthesia. The possibility that ethanol exerts a thera- 
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peutic effect through anesthetic action seemed worthy of study. We wished to 
investigate this possibility particularly since hyperirritability was one of the 
chief signs of poisoning in mice, and we felt that in some instances convulsive 
seizures terminating in death were precipitated by handling incidental to treat- 
ment. We therefore combined pentobarbital anesthesia and ethanol administra- 
tion with the results presented in fig. 1. The mice were anesthetized with 



Fig. 2. Dosage-mortality Curve for Guinea Pigs Injected Intraperitoneally with 
Methyl Fluoroacetate or 1080 and Effect of Various Measures on Mortality 
Symbols: • 1 , 800 mgm./kgm. ethanol ten minutes after 1080; • 2, same, twenty min- 
utes after 10S0; • 3, same, at thirty minutes, four hours, eight hours and ten hours after 
1080 (repeated doses); • 4, 800 mgm./kgm. ethanol plus 400 mgm./kgm. succinic acid 
twenty minutes after 1080. All agents given subcutaneously in normal saline. 

pentobarbital before poisoning. If any conclusion is to be drawn from this 
experiment it must be that the pentobarbital was harmful rather than beneficial. 

Experiments with guinea pigs. For testing the significance of effects of various 
measures on mortality among 1080 poisoned guinea pigs a dosage-mortality 
curve and its fiducial limits (p = 0.01) were established. The data obtained 
using 52 guinea pigs are presented graphically in fig. 2. Points representing the 
data of Chenoweth and Gilman (1) have also been plotted. To obtain these 
points the doses of methyl fluoroacetate used by them were converted to the equiv- 
alent doses of 1080. As might have been expected, the toxicities of the two sub- 
stances are not significantly different on a molar basis. 

4-A <1 0:2. 
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Significant effects on mortality were demonstrated only at a dose of 0.5 
mgm./kgm. of 10SO (fig. 2). Most striking was the effect of 800 mgm./kgm. 
of ethanol injected subcutaneously as a 10 per cent solution ten minutes following 
this dose. When twenty minutes elapsed before administering this amount of 
ethanol the decrease in mortality was significant but less striking. 

It will be seen from fig. 2 that the addition of 400 mgm./kgm. of succinic acid 
to the ethanol was of no demonstrable benefit in the treatment. Repeated doses 
of ethanol were not additionally effective. As with mice, pentobarbital anesthe- 
sia was of no benefit. 

Experiments with rabbits. The effect of subcutaneously injected ethanol on 
10S0 poisoning in rabbits was studied employing two different doses of 10S0. 
The ethanol solution was injected five minutes after the 10S0. The results are 
presented in table 1. 


TABLE 1 


Effect of clhanol on 1080 poisoning in rabbits 


1080 

ETHANOL 

MORTALITY 

mgm./kgm. 

mgm./kgm. 


0.50 

None 

5/5 


800 

0/10 

0.25 

None 

6/10 


800 

1/10 


An attempt was made to test the significance of the difference in the above 
mortality figures without establishing an entire dosage-mortality curve for 
rabbits. The data of Chenoweth and Gilman (1), who used methyl fluoroace- 
tate, were converted to the equivalent dose of 1080 and pooled with our own. 
A dosage-mortality curve was established using Bliss’ method (8). Our data for 
untreated animals indicated a somewhat higher mortality for 1080, one point 
falling on, the other above the line denoting the upper limit expected for p = 
0.01. In view of the results with guinea pigs (fig. 2) this may as well be at- 
tributed to differences in the rabbits used as to differences in the two forms of 
fluoroacetate. 

In spite of this tendency of our control animals to fall at or above the upper 
limits of the curve, the ethanol treated groups were well outside the lower limits 
of the curve. There seems, therefore, no doubt as to the significance of the 
effect of the ethanol. 

Experiments on dogs. Analysis of data previously obtained in this laboratory 
(9) and of those presented by Chenoweth and Gilman (1) indicated that a dose 
of 0.1 mgm./kgm. of 1080 given intravenously to dogs should result in mortality 
of about 75 per cent. When ten dogs were given this dose and 800 mgm./kgm. 
of ethanol were given simultaneously (both materials injected intravenously), 
seven of the ten died. Since dogs given this amount of ethanol showed no 
symptoms of 1080 poisoning for four to six hours (av. 4.11, we studied the blood 
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ethanol concentrations following 800 mgm./kgm. of ethanol given intravenously. 
In a representative experiment the following values in mgm. ethanol/cc. of blood 
were found: 30 min., 0.93; 90 min., 0.72; 135 min., 0.58; 180 min., 0.47; 225 min., 
0.35; 270 min., 0.27 ; and 315 min., 0.09. Therefore, signs of 1080 poisoning had 
appeared at a time when the blood ethanol concentration was still relatively high. 
We did not attempt further to treat 1080 poisoning in dogs with ethanol, since a 
marked effect of this substance on 1080 poisoning in dogs seemed unlikely. 

The convulsant effect of 1080 in dogs influenced us to employ pentobarbital 
anesthesia in spite of the failure to demonstrate any beneficial effect on mice and 
guinea pigs. Chenoweth and St. John (10) have reported that pentothal or 
pentobarbital depress or obliterate the 'petit mat and grand mat types of elec- 
trical activity of the cerebral cortex seen in dogs after fluoroacetate administra- 
tion. Ten dogs were poisoned with 0.1 mgm./kgm. of 1080. At the onset of the 
first convulsion each was given 35 mgm./kgm. of pentobarbital intravenously. 
Without exception the convulsions ceased, although in some instances the dogs 
continued for five to ten minutes to make running movements. 4 Pentobarbital 
was then administered as required to keep the dogs lightly anesthetized for 
eighteen to twenty-four hours. After eighteen hours no further pentobarbital 
was administered except when a dog showed a tendency to convulse on recovering 
from the anesthetic. Only yV of these dogs died. Comparison with previous 
experiments (1, 9) indicates a significant effect on mortality, but further experi- 
ments are required. 

Discussion. Whether the measures reported here for treatment of 1080 
poisoning in mice and guinea pigs are effective through increasing tissue metab- 
olism, otherwise inhibited by 1080, it is impossible to say with certainty. This, 
however, is a most attractive working hypothesis, and no satisfactory alternative 
has presented itself to us. The known resistance of ethanol oxidations to 
inhibition by 1080 and the finding that ethanol catalyzes the oxidation of acetate 
by 1080 poisoned cells support the hypothesis. If the finding (5) that 1080 
inhibits reactions leading to resynthesis of phosphocreatine is invoked, one can 
conceive this as a common factor in the effects of 1080 on nerve and on heart 
musculature, and the effects of increased metabolism to be exerted through 
promoting resynthesis of this substance. 

It is somewhat surprising that a single dose of ethanol or ethanol plus acetate 
administered soon after 1080 poisoning suffices to effect the survival of the 
animals. Almost certainly the amounts of these substances given are soon 
exhausted. We wish to point out the analogy with experiments with yeast (7) 
in 'which an oxidative level, once attained, continues in spite of exhaustion of the 
ethanol which catalyzed its attainment. Possible explanations of this have been 
discussed previously (7). 

Various non-specific effects of the treatment procedure such as anesthetic 
effects of ethanol, alkalizing effects of sodium acetate, and acidifying effects of 
acetic acid produced by oxidation of ethanol to acetic acid would not appear to be 

1 Cf. Chenoweth and Gilman (1), p. 9S. 
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involved on the basis of total results Small amounts of ethanol suffice when 
acetate is provided Anesthesia, at least with pentobarbital, is ineffective 
except m dogs The sodium of sodium acetate is unnecessary. 

We should like to point out that ethanol is of varying usefulness m the species 
studied It counteracts some two times the LD S0 m mice, saves significant 
numbers of guinea pigs and rabbits from doses barely greater than the LD M , hut 
is probably of little benefit to dogs 

We have considered the possibility of a correlation existing between the 
mechanism of death in various animal species and the efficacy of ethanol How - 
ever, of the two species succumbing to central nervous effects (1) guinea pigs 
respond well to ethanol while dogs probably are not benefited Rabbits, in 
which the action of fluoroacetatc is on the heart, are also protected by ethanol to 
about the same extent as guinea pigs The mechanism causing death in mice is 
not clear Chcnoweth and Gilman (1) did not study this species While mice 
poisoned with the large doses used in most of our studies died following a con- 
vulsive seizure, we have not established the cause of these convulsions Either 
direct effects of fluoroacetatc on the brain or the anoxia i esultmg from a poisoned 
heart might be responsible On the whole, w e favor the idea that the effects of 
ethanol are not dependent on the organ (brain or heart) affected 

It is, however, interesting to consider the fact that mice, most resistant of the 
species studied to the action of fluoroacetate, respond best to ethanol administra- 
tion, while dogs, which are most susceptible to the poison, do not Giunca pigs 
and rabbits, intermediate in susceptibility to fluoroacetate, lie between the other 
tw o species as regards response to ethanol The underlying basis of this apparent 
correlation is not clear, but one may speculate that resistance depends on the 
supply of some metabolite In a species in which this metabolite is easily 
exhausted either because of rapid breakdow n or slow synthesis, w e might also 
expect to encountei difficulty in catalyzing the formation of a sufficient additional 
amount of the metabolite 

Because we do not plan to extend the observations i eported here, and because 
previous informal reports of the results have served in at least one instance as a 
basis for treating a child poisoned with 1080 s , w e wish to state clearly our opinions 
regarding the potential therapeutic efficacy of the measures reported Ethanol 
administered befoie signs of 1080 poisoning appear is doubtless effective in three 
species, mice, guinea pigs, and rabbits Its value to dogs is not estabhshed 
Pentobarbital is of significant but minor value in dogs, saving only a small 
percentage of ammals from about an LD 75 There is no evidence that ethanol 
and pentobarbital combined aie better than either alone in a given species, and 
the combination may indeed be harmful There is no evidence that ethanol 
alone, giv en soon after 1080 poisoning, will be harmful and it may be of value 
We prefer to look upon the results as being of value chiefly as a contribution to 
understanding the mechanism of action of 1080 

6 Personal communication, Dr Elennore It Wright Both ethanol and pentobarbital 
were used, the latter to control convulsions The child survived 
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SUMMARY 

1. The LDso of subcutaneously injected sodium fluoroaeetate (1080) for mice 
is 19.3 mgm./kgm. with fiducial limits (p = 0.01) of 15.8 and 23.7 mgm./kgm. 

2. The LD 6 o of 1080 injected intraperitoneally into guinea pigs is 0.378 mgm./ 
kgm. with fiducial limits of 0.347 and 0.406 mgm./kgm. On a molar basis 
sodium fluoroaeetate and methyl fluoroaeetate are equally toxic for guinea pigs. 

3. The LD 6 o of 1080 injected subcutaneously into rabbits is 0.281 mgm./kgm. 
with fiducial limits of 0.240 and 0.340 mgm./kgm. 

4. Mortality among 1080 poisoned mice, guinea pigs, and rabbits can be signif- 
icantly reduced if about 800 mgm./kgm. of ethanol are administered subcuta- 
neously as a 10 per cent ethanol solution in normal saline within thirty minutes of 
poisoning. The most striking effects are obtained in mice when the ethanol is 
given within ten minutes of poisoning. 

5. Light pentobarbital anesthesia maintained for eighteen to twenty-four 
hours significantly reduced mortality among dogs poisoned with 0.10 mgm./kgm. 
of 1080. 

6. The following substances had no significant effect on mortality resulting 
from 1080 poisoning of mice: citrate, succinate, fumarate, malate, glycerol, 
pyruvate, glycine or glutamic acid in doses of 500 mgm./kgm. injected sub- 
cutaneously, or dinitrophenol in a dose of 5 mgm./kgm. 

7. The mechanism of protection against fluoroaeetate poisoning by ethanol is 
discussed. 
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The renewed interest in the physiological effects of histamine and its possible 
role in clinical allergies has stimulated a great amount of investigation of various 
histamine antagonists. In order to gain some insight into the fundamental 
mechanisms involved in the activity of histamine we have tested twenty-four 
compounds which are more or less closely related to histamine. Most of these 
substances are new, and their synthesis and characterization will be reported 
elsewhere. Literature references to those compounds which are not new are 
given in tables I and II. Each of the compounds has a /3-aminoethyl side-chain 
attached to an aromatic, heterocyclic, nitrogen-containing nucleus. By a 
consideration of the physical and chemical properties of these various hetero- 
cyclic nuclei it was hoped that some correlations between chemical constitution 
and histamine activity might be drawn. 

Previous workers (1-6) have examined the activity of a number of analogues 
obtained by attaching substituents to the side-chain and to the imidazole nucleus 
of histamine. More recently it has been observed that 2-j3-aminoethylpyridine 
(7, 8) and 3-0-aminoethylthiazole (9, 10) also exhibit typical histamine activity. 
We have now found that a variety of other ^-ominoethyl heterocyclic compounds 
exhibit typical histamine activity. 

Methods. The various physiological effects of histamine are too well known to be 
mentioned here. To estimate histamine-like activity we chose two tests which were simple 
and which illustrated two different functions of histamine. These were the spasmogenic 
effect on the isolated guinea pig ileum and the depression of blood pressure in the anes- 
thetized cat. The isolated smooth muscle strips were arranged to record in the usual 
Magnus manner while suspended in Tyrode’s solution. First the tissue was exposed to 
varying concentrations of histamine acid phosphate until a concentration was found 'which 
would give uniform submaximal responses on repetition. These varied from 2 X 10~ s to 
10 X 10 -1 microgm. per cc. Solutions of the histamine analogues were then tested until a 
concentration was found which would match the histamine response. By comparing doses 
of histamine and analogue which produced equal effects a ratio of activity was obtained. 
As a check on the specificity of histamine activity, the antagonistic action of an antihista- 
mine agent, thenylpyramine hydrochloride (Histadyl Hydrochloride), to the analogues 
was observed. Preliminary two-minute exposure of the isolated ileum to the antagonist, 
0.5-1 .0 X 10~* microgm. per cc. was usually sufficient to inhibit the effect of histamine acid 
phosphate to the extent of 75 per cent or greater in the above mentioned concentrations. 
The analogue was considered to be active on this tissue if it caused a contractile response 
which was inhibited by the antihistaminic agent to the same degree as histamine. 

Similarly the responses to the intravenous injection of the analogues were observed and 
compared with the transient depressor effects induced by histamine acid phosphate in the 
anesthetized cat. The animal was given a sufficient dose of histamine acid phosphate to 
cause a suitable response. Then increasing doses of the analogue to be tested were injected 
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Compounds possessing histamine activity 
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TABLE II 


Compounds possessing no histamine activity 
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TABLE II — Concluded 


XXII 


XXIII 


XXIV 


ETECCTOEAI, romrULA 


S\ 


ch 2 — ch 2 — nh 2 


V 

I 

NO 


H 2 C— CH 2 

\n— CHs— ch 2 — nh 2 

N— C 

\ 

CH, 




i — CH jOHjNHi 


H— N — N 


( 21 ) 


until a response equal to that of the histamine dose was obtained. The activity of the 
analogue was expressed as the ratio of the doses of histamine and analogue which produced 
equal effects. As previously reported (11) the preliminary intravenous injection of the 
histamine antagonist, ‘Histadyl Hydrochloride,’ 1.0 mgm. per kgm., will completely abolish 
the effect of subsequent injections of small dose3 of histamine acid phosphate, 0.5-1.0 mgm. 
This procedure likewise was used to check the specificity of histamine-like activity of the 
analogue. Each compound was evaluated by both tests, and each test was performed two 
or more times. 

Results. The compounds on which we are reporting at this time have been 
divided into two groups. Those which have histamine activity are presented 
in table I, and those which have no histamine activity are presented in table II. 
The relative potencies of the compounds of table I are expressed as the 
ratio: molar concentration of liistamine/molar concentration of compound nec- 
essary to produce equal effects. 

Discussion. It was hoped that some correlation between histamine activity 
and a common physical property of the compounds might be observed. One 
physical property which was measured was the basicity of the two basic centers 
present in each of the substances. These basicities, expressed as pKa values, 
fell in the range 9.1 to 9.9 for the primary amino group on the ethyl side-chain. 
Incidentally the pKa value of another type of physiologically active compound, 
0-phenylethyl amine, is 9.83 (12). The pKa values of the aromatic portions of 
the molecules varied over the range 1.4 to 6.5. It is not surprising that no 
obvious correlations between histamine activity and pKa values appeared. 
The basicities and other physical properties of this series of compounds are being 
studied further. 

Based upon their studies of the /3-aminoethyl derivatives of pyridine, Walter, 




HISTAMINE ACTIVITY 


75 


Hunt and Fosbinder (7) weie led to suggest that the minimum requirements for 
histamine activity were embodied in tiie structural fragment [A]. Niemann 


I 

C 

— C=N— C — CH. — CII- — NH. 

[A] 

and Hays (8) further concluded that this fragment should be represented as 

[B], in which the bond distances, a, b, c, have the values 1.30 rfc 0.01A, 1.38 ± 
0.02A and 1.40 ± O.OlA, respectively. In view of the results presented in tables 

— CH — a — N — b — C(CH.CII.NH.) — c — CH — 

[B] 

I and II it is obvious that the fragment [A] or [B] does not represent the minimum 
requirements for histamine activity. The one structural feature which is com- 
mon to all of the active compounds that we have tested so far is the system [C] 

I II 

in which the portion — N=C — or =N- — C — is part of an aromatic nucleus. 

I II 

— N=C — CH- CHjNH. or =N— C— CH 2 CH 2 NH 2 

[C] 


It will be seen that system [C] is a contraction of [A]. The presence of the 
structural fragment [C] does not guarantee that a compound will have histamine 
activity. Most of the inactive compounds (table II) also have the system [C] 
in their structures. 

Niemann and Hays have asserted that of the two tautomeric forms of hista- 
mine [D] and [E] only [D] is active, and this is because only [D] is capable of 
forming an intramolecular hydrogen bond between the side-chain and nuclear 


HC= 


CH. 

/ \ 


HN N 

V" 

H 


CH. 

+NH. 

, / 

H 


HC=C— CHj— C1H— +NHs 

I I 

N NH 


V 

H 


[D] 


[E] 


nitrogen atoms. So far as we are aware there is no theoretical basis for assuming 
that intramolecular hydrogen bonding has anything to do with histamine 
activity. However, it is interesting to note that all of the active compounds 
(table I) which we have tested are structurally favorable for hydrogen bond 
formation. On the other hand, many of the compounds which did not have any 
histamine activity, notably, numbers XIII, XVIII, XX, and XXIV, also are 
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capable of the same type of intramolecular hydrogen bonding. The two methyl- 
ated derivatives of histamine, compounds III and XII, are of interest in this 
connection. Both of these substances (XII in the form of its picrate salt) were 
synthesized by Pyman (13) who stated that neither had any significant activity. 
We have now found that although compound XII has no activity, compound III 
definitely does have histamine activity. These results appear to support the 
contention of Niemann and Hays that hydrogen bonding (which is possible in 
III but not in XII) is an important factor in determining whether or not a com- 
pound has histamine activity. However, compound III contains the fragment 
[C] in its structure whereas the inactive compound XII does not. 

The size and shape of the aromatic nucleus appears to have a definite bearing 
upon the activity of the various compounds. Substitution of a methyl group 
into the 2-position of histamine (compound II) lowered the activity several fold, 
but substitution of the methyl group into the 1-position (compound III) lowered 
the activity several hundred fold. A methyl group in the thiazole nucleus 
(compounds VI and VII) decreased the activity, and a phenyl group in the same 
thiazole nucleus (compound XV) completely abolished activity. The inactive 
compound XX may be regarded as a nuclear-substituted derivative of the active 
compound VIII. 

The spatial disposition of the various atoms in the aromatic ring and the 
nature of the atoms themselves have a profound influence upon the histamine 
activity. Compound XIII, which is an imidazole derivative isomeric witli 
histamine, is completely inactive. On the other hand compound IV is one of the 
most active found, and it may be looked upon as an isoster of the inactive com- 
pound XIII in which the — NH — portion of the ring has been replaced with 
— S — . The j3-aminoethyldiazines (compounds IX, X, XI and XVIII) com- 
prise an interesting group. Compound XVIII, which is the only inactive one of 
this series, differs from the others only in the position of one of the nitrogen 
atoms in the ring. In trying to visualize the nature of the various aromatic 
rings it is difficult to apply any considerations of bond distances because these 
values are reliably known for only three of the nuclei, namely those in compounds 
VIII, XVII and XVIII (14). The bond distances and bond angles of the pyri- 
dine ring in compound VIII are almost identical with those of the pyrazine ring 
in compound XVIII, yet one of the compounds is highly active while the other is 
completely inactive. 

Two of the compounds, XVII and XXII, had an appreciable pressor activity. 
This is not entirely unexpected because compound XXII is a substituted phenyl- 
ethylamine, and compound XVII, 2-/3-aminoethylpyrrole, may be regarded as 
an isoster of 0-phenyIethylamine. Compound XXII was tested for histamine 
activity with the idea that it might closely resemble compound VIII, since nitro- 
benzene recently has been described as isosteric with pyridine (15). 2-j3-Amino- 
ethylpyrrole has in its structure an arrangement of atoms corresponding with 
fragment [C] but it does not have, in the aromatic portion of the molecule, an 
arrangement of bonds corresponding with [C]. 

No correlations can be drawn between histamine activity and the intrinsic 
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chemical properties of the aiomntic nuclei in the piesent senes of compounds 
Tn o general types of nuclei are represented The six membered ring systems 
including pyridine, pyrazine, pyrimidine and pyndnzine are relatively veilJy 
nucleopliylie They undergo substitution reactions such as halogenation and 
nitration with great difficulty, and they are highly resistant to oxidation but quite 
susceptible to reduction The five membered ring systems, imidazole and pyra 
zole, are relatively strongly nucleopliylie in that they are easily halogenated and 
nitrated but are highly resistant to reduction Both types of nuclei are to be 
found among the active compounds, and both types are also to be found among 
the mactixe compounds 

Conclusions There is no doubt that a combination of many different 
factors is responsible for the physiological activity of drugs On the basis of the 
present data it appears that one important requirement for histamine activity is 

I II 

the presence of the fragment — 'N=C — CH* — CH« — NH 2 or « N — O — CH* — 
CH 2 — NH 2 m the molecule A fair test of this requirement has probably not 
been made, however, because only a few compounds have been examined which 
did not contain this structural feature It appears that the size and shape of the 
aromatic nucleus is a determining factor in histamine activity The highly 
active compounds are those with small and unsubstituted nuclei Closely 
associated with the size and shape is the arrangement of the atoms within the 
aromatic portion of the molecule These arclutectural features of the molecules 
are probably responsible for the ability of the drugs to be adsorbed on the receptor 
centers of the cell surfaces (16) The mechanism of this adsorption process is 
most obscure Even the use of such lefined physical chemical measurements as 
bond distances and bond angles gives us no clearer picture as to why some com 
pounds have histamine activity while others do not In certain other senes of 
physiologically active substances a consideration of bond distances has been 
used to great advantage in coi relating activity with chemical structure (17, 18) 

SUMMAItt 

A series of tw enty four 0 ammoethyl heterocyclic nitrogen compounds has been 
tested for histamine activity Eleven of these compounds are active Some 
possible relationships between histamine activity and chemical constitution have 
been discussed 
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The insecticidal action of p-nitrophenyl diethyl thionophospbate (parathion; 
E 005 ; Thiophos 3422) which was first observed in Germany has recently at- 
tracted considerable attention in this country because of the effectiveness of the 
compound for the extermination of plant insects. The possible widespread use 
of parathion as an insecticide stimulated our interest in obtaining data on its 
toxicity and pharmacologic action in mammals since no such information con- 
cerning this compound was available. 

Recent studies on other phosphate esters (1-5) with insecticidal action such as 
hexaethyl tetraphosphate (HETP) and tetraethyl pyrophosphate (TEPP) have 
shown that these substances exert a cholinergic action in mammals. Pre- 
liminary studies in this laboratory (6) have indicated that parathion also exerts 
a cholinergic action as evidenced by symptoms typical of parasympathetic 
stimulation, cholinesterase inhibition, and a protective action by atropine against 
some of its actions. Other preliminary investigations (7, 8) have also suggested 
a similarity in the action of parathion and parasympathomimetic drugs. 

Information concerning the toxicity and mechanism of action of parathion in 
mammals was considered essential in ascertaining the possible dangers associated 
with the use of this material as an insecticide. The present communication con- 
tains the results of more extensive studies on the toxicity of parathion and its 
pharmacologic action. Toxicity measurements were carried out on several 
species and the inhibitory action of parathion on cholinesterase was studied in 
rats under various conditions of treatment with parathion. The action of 
parathion on the blood pressure of cats and dogs was measured and observations 
were made on the responses of the bronchioles and the isolated and in situ small 
intestine. The present studies, which have demonstrated that parathion exhibits 
a high toxicity and strong cholinergic action in all of the species upon which it was 
tested, suggest that precautions should be taken to avoid undue exposure of men 
and domestic animals during the use of this agent as an insecticide. 

Methods. Adult male and female Sprague-Dawley rats (180-220 grams) were employed 
except where the effect of age on susceptibility to parathion was measured, in which case 

1 The work described in this paper was done in part under contract between the Medical 

Division, Chemical Corps, U. S. Army and the University of Chicago Toxicity Laboratory. 

Under the terms of the contract the Chemical Corps neither restricts nor is responsible for 

the opinions or conclusions of the authors. 

5 Partial support for this work was also derived from a contract with the Office of Naval 
Research. N6 ori-20, Task Order 11. 
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Symptoms. After intraperitoneal injections of parathion in mice and rats 
symptoms appeared in 2 to 5 minutes and death occurred in 5 to 24 minutes. 
Survivors of the LD 60 were free from symptoms in 2 to 3 hours except for an 
apparent depression from which recovery was complete the following day. 
There were no delayed deaths in mice, though an occasional one occurred in 
rats as long as 3 days after poisoning. Symptoms in these animals started with 
an increase in respiration, followed soon by unsteadiness, lack of coordination, 
and scattered muscular twitches. Defecation, urination, lacrimation, and 
salivation occurred regularly. The severity of symptoms rapidly increased to 
prostration with generalized muscular fibrillations, body twitchings and tonic 
and clonic convulsions, followed by death apparently due to respiratory failure 
of peripheral origin. The heart continued to beat 2 to 3 minutes after cessation 
of respiration. There were numerous survivors, especially among the mice, of 
individuals whose sjmptoms had advanced to the convulsive stage. 

The course of acute symptoms in cats and dogs following the intraperitoneal 
injection of parathion was essentially similar to that seen in rats and mice in 
severely poisoned cases. However, cats and dogs frequently displayed only 
mild acute symptoms and died more than 24 hours after poisoning. Animals 
succumbing in this manner exhibited first an apparent central depression with a 
deepened respiration, slight unsteadiness, scattered muscular twitchings and 
mild tremors. Food and water were left untouched. The animals appeared 
disoriented. A few individuals displayed intermittent mild convulsive seizures. 
The depression developed gradually to extreme weakness and prostration, with 
continued mild tremors and muscular twitchings. The respiration and heart 
action slowly became weaker until death intervened. 

Cats and dogs dying in three hours or less showed severe symptoms of central 
and parasympathetic stimulation, which appeared 15 to 20 minutes after injec- 
tion. First there appeared a restlessness with a beginning incoordination. 
The rate and depth of respiration were increased. Vomiting, defecation, urina- 
tion, lacrimation, and copious salivation occurred regularly. Pupillary changes 
were inconstant, dilatation appearing in some animals, and a slight miosis or no 
observable change in others. Disorientation, tremors, muscular twitching and 
fibrillations, and prostration with clonic convulsions led to death with the cardiac 
action outlasting the respiration by 2 to 3 minutes. Before cessation of respira- 
tion stethoscopic examination revealed no alterations in heart action except an 
increase in rate accompanying the increase in muscular activity. Numerous 
moist rales could be heard throughout the chest. 

Gross pathologic examination of cats and dogs immediately after the acute 
deaths usually showed an intensely contracted intestinal tract and urinary 
bladder. The lungs were congested and hyperemic and a small amount of foamy 
fluid was typically found in the trachea and bronchi. No other abnormalities 
were found. In the cats dying 2 to 3 days after the administration of parathion 
bronchopneumonic processes were observed, probably a result of aspirated 
saliva and vomitus. This was not considered an important factor in the fate 
of the animal since cats treated with atropine were protected against these lung 
changes but not against delayed death following equivalent doses of parathion. 
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Subacute toxicity of parathion to rats. The possibility of repeated exposure 
to sublethal doses of parathion during its use as an insecticide made it desirable 
to ascertain whether the compound exerted a cumulative action. Female rats 
were therefore given daily intraperitoneal injections of parathion for 20 days 
and the mortality was observed. After single doses deaths rarely occurred later 
than four hours following the administration of the compound. A cumulative 
action of the insecticide would, therefore, be indicated by death of the animals 
after successive sublethal doses of the insecticide given at 24-hour intervals. 
The mortality data obtained by giving repeated daily doses of parathion to rats 
are shown in table 2. 

The results of this experiment demonstrated that daily sublethal doses of 
parathion exert a cumulative toxic action in rats. After daily intraperitoneal 
doses of 3 mgm./kgm. of parathion, which is below the LD M dose (4mgm./kgm.), 
none of the animals survived more than five doses of the drug. Daily doses of 
1 and 2 mgm./kgm. of parathion for 10 days resulted in 46 per cent and 87 per 

TABLE 2 


The cumulative action of parathion in rats 
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cent mortality, respectively. The symptoms preceding death of the animals 
were similar to those observed in acutely poisoned rats. Food consumption by 
these animals showed no significant decrease as compared with normal rats. 
However, there was a definite inhibition of the growth of animals treated with 
parathion. After daily administration of 1 mgm./kgm. of parathion the average 
gain in weight was 4 per cent as compared with 10 per cent for the control 
animals. Daily doses of 2 mgm./kgm. of parathion resulted in an average loss 
of 11 per cent of the weight of 200-gram rats during the 10-day observation 
period. The results of these experiments indicated that continued exposure to 
sublethal doses of parathion results in subacute poisoning in rats and suggests the 
possibility of a cumulative action by parathion in other animals after continued 
exposure to the insecticide. 

Pharmacodynamic observations. In the cat and dog anesthetized with sodium 
phenobarbital (150 to 180 mgm./kgm. intraperitoneally) blood pressure responses 
to intravenous parathion, measured with a mercury manometer connected to a 
cannulated carotid artery, were irregular. A dose of 2 to 4 mgm./kgm. in either 
animal produced either a slight rise of 10 to 15 mm. Hg pressure requiring 10 to 20 
minutes to reach a maximum, or a sudden fall of 10 to 20 mm. Hg followed by a 
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gradual slight rise above normal. On some occasions a pure fall of blood pressure 
was noted. These doses of parathion diminished by 10 to 25 times the amount 
of acetylcholine required to produce a blood pressure fall of 20 to 30 mm. Hg. 
A second injection of 2 to 4 mgm./kgm. of parathion was followed in 10 to 15 
minutes by a cessation of respiration accompanied by a fall of blood pressure 
which was sometimes preceded by an evanescent anoxic rise. Artificial respira- 
tion instituted at this point prevented the death of the animal, but a moderate 
depressor effect was still observed. After further injections of parathion a 
marked bradycardia supervened, the tracing showing a greatly exaggerated pulse 
pressure suggesting an A-V block. These effects were readily reversed or pre- 
vented by atropine or procaine. In two atropinized dogs under artificial respira- 
tion almost indefinite amounts of parathion, up to 140 mgm./kgm. in divided 
doses, were given without visible effects on the animal except for scattered 
muscular twitchings. Atropine alone, however, protected against only 2 to 3 
lethal doses. 

Tracings taken from a pleural cannula inserted into the chest in 1 cat and 3 
dogs under artificial respiration indicated that parathion, in doses of 3 to 5 
mgm./kgm., induced a moderate bronchial constriction. 

The isolated intestinal muscle (ileum) of the rabbit was highly sensitive to 
parathion and to its oxygen analog. In minimal molar concentrations of 27.5 X 
10~ 8 and 5.4 X 10~ 8 , respectively, these drugs induced in the intestinal strip a 
typical abrupt change from the normal pendular rhythm to a slow “peristaltic" 
type of rhythm of greater amplitude. Thus in this respect the relative potencies 
of the two drugs were roughly parallel to their relative toxicities. 

Records made of the movements of the small intestine of 1 cat and 2 dogs 
in situ, using the device described by Jackson (13) showed a persistent increase in 
tone and activity in response to the intravenous administration of 2 to 4 
mgm./kgm. of parathion. 

The isolated perfused heart of the rabbit showed little specific sensitivity to 
parathion or its oxygen analog. When these agents were perfused through the 
heart in a concentration of 1:50,000 in Ringer-Locke solution there was no 
immediate effect, but a gradual diminution in amplitude without marked change 
in rate, until the excursions became imperceptible about 5 minutes after the 
beginning of the perfusion of the drugs. Concentrations of 1:200,000 in the 
perfusing fluid were tolerated without effect for one hour. Both drugs lacked 
any tendency to augment the response of the isolated heart to acetylcholine. 
The action of these drugs on the isolated heart thus appeared to be a direct toxic 
one, wholly independent of their anticholinesterase properties. 

Inhibitory action of parathion on cholinesterase. In view of the cholinergic 
action of parathion in mammals it was of interest to investigate its effect on 
cholinesterase. In order to ascertain the effect of parathion on cholinesterase 
in vitro several concentrations of the compound were tested on rat brain cho- 
linesterase. The inhibitor was dissolved in the Ringer-bicarbonate buffer and 
incubated in the Warburg vessels with 50 mgm. of homogenized whole rat brain 
throughout the gassing and equilibration period before addition of the acetyl- 
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choline. Under these test conditions a final concentration of 1.2 X 10~* M 
parathion produced 50 per cent inhibition of rat brain cholinesterase in vitro. 
In contrast to the strong inhibitory action of the compound on cholinesterase it 
had no inhibitory effect in vitro on the oxidation of glucose nor on anaerobic 
glycolysis in brain homogenates. No observable changes in the concentrations 
of the acid-soluble intermediates of glycolysis could be detected in the brain 
tissue from rats at the time of death after the intraperitoneal administration of 
20 mgm./kgm. of parathion. 

Substitution of the sulfur of parathion by oxygen greatly enhanced the in- 
hibitory action on cholinesterase. The oxygen analog of parathion, diethyl 
p-nitro phenylphosphate, produced 50 per cent inhibition of cholinesterase at a 
final concentration of 5 X 10“’ M. The greater inhibitory action of this com- 
pound on cholinesterase is consistent with its greater toxicity to mammals as 
compared with parathion. 

To test the effect of parathion on cholinesterase in vivo 5 rats were given 20 
mgm./kgm. of parathion and the brain and submaxillary glands were removed 
for cholinesterase measurements at the time of death in about eight minutes after 
poisoning. After this dose of parathion the average cholinesterase activity of 
brain tissue fell to 8 per cent of normal while the enzyme activity of the sub- 
maxillary glands decreased to 22 per cent of normal. After 5 mgm./kgm. of 
parathion the average chohnesterase activity of brain was 15 per cent of normal 
while the submaxillary glands exhibited 29 per cent of the control nctivity at the 
time of death. . Thus, parathion strongly inhibited both the central and periph- 
eral cholinesterase of rats. 

From the results of cholinesterase measurements it appeared likely that lethal 
doses of the insecticide would cause a considerable elevation of the free acetyl- 
choline of rat brain. To ascertain the extent of the rise in free acetylcholine of 
brain after parathion 4 rats were given 20 mgm./kgm. of parathion intraperi- 
toneally and the brains were quickly removed at the time of death for the 
measurement of free acetylcholine. Four normal rats were sacrificed by de- 
capitation and the acetylcholine values were obtained for comparison with the 
poisoned animals. Whereas the free acetylcholine of the brain of normal rats 
ranged from 0.79 to 0.96 micrograms/gram (average 0.86 micrograms/gram) 
the values for poisoned animals were 3 to 3.8 micrograms/gram (average 3.4 
micrograms/gram). These findings demonstrated that a marked rise in free 
acetylcholine of the brain tissue of rats accompanied the depression of cho- 
linesterase produced by parathion. 

Reversibility of the inhibition of cholinesterase by parathion. In order to de- 
termine whether the inhibitory action of parathion on cholinesterase is reversible 
male rats were given 5 mgm./kgm. of parathion and groups containing 3 animals 
each were sacrificed at various intervals from 0.5 to 4 hours after administration 
of the drug. Cholinesterase measurements were performed on the homogenized 
whole brain of each animal. 

It was of interest to compare the duration of the inhibitory action of parathion 
on cholinesterase with that of other phosphate esters. It has been well es- 
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tablished previously by many investigators that di-isopropyl fluorophosphate 
(DFP) produces an almost completely irreversible inhibition of cholinesterase. 
However, the duration of the inhibitory action of TEPP has received little 
attention previously. While the rapid recovery of animals receiving sublethal 
doses of TEPP suggests a reversible inhibition by this agent it was recently re- 
ported (14) that plasma esterase is irreversibly inactivated in vitro by TEPP. 
We therefore compared the duration of action of parathion and TEPP on brain 
cholinesterase of rats. A group of animals was given 0.5 mgm./kgm. of TEPP 
and sacrificed at various times after the administration of the compound for 
brain cholinesterase measurements. The reversibility of the inhibitory action 

TABLE 3 


Reversibility of the inhibition of rat brain cholinesterase by parathion and TEPP 


HOURS AFTER PARATHION OR TEPP 

CHOLINESTERASE ACTIVITY 
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95 
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16 
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of parathion and TEPP on cholinesterase is shown by the data in table 3 in 
which each value is the average of measurements on at least 5 animals. 

From these data it may be seen that the inhibitory action of both parathion 
and TEPP on brain cholinesterase is reversible. Whereas the average cho- 
linesterase activity was 6 per cent of normal in 0.5 hour after 5 mgm./kgm. of 
parathion it returned to 57.5 per cent of normal in 2 horns and to 97 per cent 
of normal in 4 hours. After 0.5 mgm./kgm- of TEPP the cholinesterase 
activity fell to 23.3 per cent of normal in 0.5 hour but 96 per cent of the normal 
activity was regained in 16 hours. 

Effect of repeated daily doses of parathion on the brain cholinesterase of rats. 
The reversibility of the inhibitory action of parathion on cholinesterase activity 
after single sublethal doses raised the question as to the nature and extent of the 
cholinesterase changes in the brain tissue of rats which succumbed to repeated 
daily sublethal doses of the insecticide. Since single doses (5 mgm./kgm.) of 
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parathion caused a depression of cholinesterase which lasted only 4 hours it did 
not appear likely that its cumulative action was due to irreversible inactivation 
of the enzyme. 

To measure the effect of repeated doses of parathion on cholinesterase activity 
rats were given 1 mgm./kgm. of parathion and groups of 3 animals were sacrificed 
24 hours after each injection for brain and submaxillary cholinesterase measure- 
ments. Another series of animals were given the same daily dose of parathion 
and groups containing 3 animals each were sacrificed on different days 30 minutes 
after the last injection of parathion since the symptoms were at a maximum at 
this time after each injection. The results of these measurements are shown by 
the data in table 4. 

TABLE 4 

Effect of daily iniraperitoneal administration of 1 mgm./kgm. of parathion on the 
cholinesterase activity of rat tissues 


24 hours after last injection 


% of normal activity 

93 

94 
77 
50 
24 


% of normal activity 
100 
100 
92 
70 
43 


0.5 hours after last injection 



It may be seen from the data in table 4 that the cholinesterase activity of 
brain and submaxillary tissue returned to nearly normal values in 24 hours 
after the first two doses of the drug. However, further daily doses resulted in a 
progressive decrease in the activity of both the central and peripheral cholines- 
terase. When groups of animals were sacrificed at 30 minutes after each daily 
injection of parathion a progressive decrease in brain cholinesterase activity was 
also observed. Whereas the first injection caused a decrease in cholinesterase 
activity of brain to 45 per cent of normal the fourth daily dose of the drug caused 
a depression of the enzyme activity to 7 per cent of normal. 

Measurements of the free acetylcholine content of the brain of rats sacrificed 
30 minutes after daily doses of parathion showed a rise in free acetylcholine to 120 
per cent of normal after the first dose of parathion, while after the fifth daily dose 
the free acetylcholine increased to 1G6 per cent of the normal value. This 
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greater rise in free acetylcholine after repeated daily doses of parathion is con- 
sistent with the progressive fall in cholinesterase activity after continued daily 
administration of the drug. 

The results of this experiment indicated that the inhibition of cholinesterase 
produced by a single dose of parathion is reversible but continued daily ad- 
ministration of the drug results in a progressive loss of the catalytic activity of 
the enzyme. A progressive decrease in the cholinesterase activity of rat tissues 
to low levels is, therefore, associated with the cumulative toxic action of this 
insecticide in rats. 

Effect of atropine and eserine on the inhibition of cholinesterase by parathion. 
The protective action (15) of eserine against poisoning by DFP has been explained 
(16) on the basis of competition by eserine for cholinesterase. According to this 
hypothesis eserine protects against irreversible inhibition by DFP by forming a 
reversible complex with the enzyme. If eserine protected against the lethal 
action of parathion by competitive inhibition it seemed possible that this might 
be demonstrable by cholinesterase measurements on the tissues of animals 
treated with eserine, parathion and a combination of the two drugs. Previous 
studies (17) have shown that eserine does not have a marked inhibitory action on 
brain cholinesterase in vivo but has a strong inhibitory action on peripheral 
cholinesterase. 

To observe whether eserine exerted a protective action against inhibition of 
central and peripheral cholinesterase by parathion groups of rats were given 
either eserine, parathion, or eserine and parathion. Groups containing at least 
6 rats were sacrificed one-half hour after the administration of parathion for 
cholinesterase measurements on brain and submaxillary tissue. The animals 
which received eserine without parathion were sacrificed after the same time 
interval following eserine as those which had also received parathion. Some of 
the animals were given atropine in addition to the other drugs since atropine was 
necessary for protection against the lethal action of parathion although it was not 
anticipated that atropine would exert an effect on cholinesterase. The animals 
were given 100 mgm./kgm. of atropine sulfate followed in 15 minutes by 5 
mgm./kgm. of eserine salicylate. Thirty minutes after the eserine was ad- 
ministered the animals were given 5 mgm./kgm. of parathion and were sacrificed 
30 minutes thereafter for the enzyme measurements. All of the drugs were ad- 
ministered intraperitoneally. The results of this experiment are shown by the 
data in table 5. 

The results of this experiment demonstated that eserine exerted a marked 
protective effect against the inhibitory action of parathion. Parathion alone 
caused a marked depression of both brain and submaxillary cholinesterase while 
eserine alone produced only a 12 per cent decrease in brain cholinesterase activity 
and 49 per cent inhibition of submaxillary cholinesterase. The combination of 
parathion and eserine resulted in 37 per cent inhibition of brain cholinesterase 
and 45 per cent inhibition of submaxillary esterase as compared with 85 per cent 
and 49 per cent inhibition respectively of the two tissues from animals receiving 
only parathion. As was anticipated atropine had no influence on the cholines- 
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terase activity of the tissues. Thus, the protective action of eserine against acute 
parathion poisoning in rats is associated with a marked reduction in the amount 
of inhibition of brain cholinesterase by parathion, and a smaller protection 
against inhibition of peripheral esterase by the insecticide. 

Discussion. An investigation of the pharmacologic actions of parathion has 
demonstrated that this new insecticide exerts a cholinergic action in mammals. 
The symptoms which followed acute poisoning were typical of those produced by 
parasympathomimetic drugs. Pharmacodynamic observations gave further 
indications that parathion exerts a parasympathomimetic action. The aug- 
mentation by parathion of the depressor response to acetylcholine and the 
protective action of atropine against many of the effects of the drug point to a 

TABLES 


The effect of atropine and cserinc on the inhibition of cholinesterase by parathion 
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parasympathetic stimulation by this drug. Parathion appeared to lack the 
definite pressor action exhibited by other potent anticholinesterase agents such 
as eserine, neostigmine, HETP, and TEPP (3). However, this action is not 
considered to be necessarily associated with cholinesterase inhibiting properties 
in a drug. DFP also fails to show a consistent pressor action. 

Testing the insecticide under a variety of conditions has demonstrated that it 
exerts a strong inhibitory action on cholinesterase. In contrast to the marked 
inhibitory action on this enzyme parathion exerted no inhibitory action on the 
oxidation of glucose nor on glycolysis by brain homogenates at concentrations 
much higher than those required to produce inhibition of cholinesterase. Both 
central and peripheral cholinesterase was inhibited in vivo by parathion indicating 
that this agent, like TEPP (5), readily gains access to the cholinesterase of the 
brain. 

Unlike DFP the inhibitory action of parathion on cholinesterase is almost en- 
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tirely reversible. However, daily sublethal doses seemed to cause permanent 
inactivation of part of the enzyme eventually resulting in low cholinesterase 
activity at the time of death. The reversibility of the inhibition of cholines- 
terase by parathion is consistent with the rapid disappearance of symptoms when 
sublethal doses of the drug are given. Since a similar reversible action was ex- 
hibited by TEPP in vivo doubt is thrown upon the significance of the irreversible 
inactivation of plasma cholinesterase by this compound in vitro (14). 

The data obtained in the present studies indicate that pre-treatment of rats 
with eserine markedly reduces the inhibition of brain cholinesterase by parathion 
and to a lesser extent reduces the inhibition of the peripheral esterase. It was 
postulated by Koelle (16) that eserine protected against DFP by combining with 
cholinesterase thereby preventing irreversible inhibition by DFP. It is likely 
that the mechanisms of the protective action of eserine against DFP and against 
parathion are the same. 

Toxicity measurements showed that parathion exhibits a rather high toxicity 
to mammals with no marked species difference in susceptibility being noted. 
These findings indicate that care should be exercised to avoid acute poisoning in 
man. From the practical standpoint the cumulative toxic action of parathion is 
also of importance. Parathion is quite stable toward hydrotysis, thus care should 
be taken to avoid continued exposure to the toxic agent through ingestion of 
contaminated food and handling the material. 

A sex difference in susceptibility as large as that observed in rats with parathion 
is an uncommon finding with cholinergic drugs. In the case of parathion it 
appears that the sulfur of the molecule is in some manner responsible for the sex 
difference since the oxygen analog of parathion, diethyl p-nitro phenylphosphate, 
was of equal toxicity to male and female rats. It was interesting that the sex 
hormones appeared to equalize the susceptibility of male and female rats to the 
insecticide. It has been shown (18) that there exists a significant difference in 
the serum cholinesterase activity of male and female rats with the latter sex 
exhibiting the higher activity. Several studies (19, 20, 21) have also demon- 
strated that the amount of non-specific cholinesterase activity in rat serum is 
influenced by sex hormones. Estrogenic hormones elevate the concentration of 
the enzjrne while testosterone depresses it. On the basis of these findings it 
might be expected that diethyl stilbesterol would decrease the susceptibility of 
rats to parathion rather than exerting the opposite effect as was the case in our 
experiments. Further studies are, therefore, necessary to elucidate the exact 
manner in which the sex hormones influence the acute toxicity of parathion. 

SUMMARY 

1. Measurements of the acute toxicity of parathion given intraperitoneally 
gave the following approximate LDso values in mgm./kgm.: male rats 7, female 
rats 4, mice 5-10, cats 3-5, and dogs 12-20. The LD S0 by oral administration 
was 6 mgm./kgm. for female rats and 15 mgm./kgm. for male rats. 

2. The LDeo for the oxygen analog of parathion, diethyl p-nitro phenyl- 
phosphate, was 1.2 mgm./kgm. when given intraperitoneally in rats and 3.5 
mgm./kgm. when given orally with both sexes showing equal susceptibility. 
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3 Diethyl stilbesterol increased the susceptibility of male rats to parathion 
■^lule testosterone propionate decreased the susceptibility of females to the 
insecticide 

4 A cumulative toxic action by parathion was observed in rats after daily 
administration of sublethal doses of the drug 

5 The symptoms produced by parathion were similar in all of the species 
tested and were typical of parasympathomimetic drugs Pharmacodynamic 
studies showed irregular blood pressure responses to intravenous injection, a slight 
fall or nse, or a diphasic response being seen on different occasions The de- 
pressor response to acetylcholine was augmented and atropine antagonized 
many of the effects of the drugs After lethal doses of the drug death resulted 
from respiratory paralysis 

6 Parathion was found to be a strong inhibitor of cholmesterase In vitro 
a final concentration of 1 2 X 10 - * Af parathion produced 50 per cent inhibition 
of rat brain cholinesterase After 5 mgm /hgm of the insecticide given mtra- 
peritoneally the cholinesterase activity of the brain was 15 per cent of normal 
while the submaxillary glands exhibited 29 per cent of control activity at the 
time of death The free acetylcholine rose markedly m the brains of poisoned 
animals 

7 Treatment of rats with csenne before parathion resulted m partial pro 
tection of both the central and peripheral esterase against inhibition by the 
insecticide and a combination of atropine and esenne protected against the 
lethal action of the drug 

REFERENCES 

1 DuBois, K P , and Man gun, G H Proc Soc E\per Biol and Med , 64 137 , 1947 

2 Burden, A S V , Keele, C A , Chennells, M , del Castillo, J , Floyd, W F , 

Slome, D , and Wright, S Nature, 160 760, 1947 

3 Coon, J M , and Salerno, P R Fed Proc , 7 212, 1948 

4 Dayrit,C ,Manry, C H , andSeevers,M H This Journal 02 173,1948 

5 Mangun, G H , and DuBois, K P Fed Proc , 6 353, 1947 

6 DuBois, K P , Doull, J , and Coon, J M Fed Proc , 7 216, 1948 

7 Hagan, E C , and Woodard, G Fed Proc , 7 224, 1948 

8 Hazelton, L W , and Godfrey, E Fed Proc , 7 226, 194S 

9 Elliott, K A C, Scott, D B M,andLibet B J Biol Chem , 146 251,1942 

10 Elliott, K A C, and Henry M J Biol Chem, 163 361, 1946 

11 LePage, G A , and Umbreit, W W in Manometnc Techniques and Related Methods 

for the Study of Tissue Metabolism (W W Umbreit, R H Burris, and J F Stauffer, 
editors), Burgess Publishing Co , Minneapolis, 1945 p 159 

12 Tobias, J M,Kollros J J,andSavit,J J Cell and Comp Physiol, 28 159,1946 

13 Jackson, D E Experimental Pharmacology and Materia Medica, C V Mosby Co , 

St Louis, 3939, p 523 

14 Brauer, R W This Journal, 92 162, 1948 

15 Koster, R This Journal, 88 39, 1946 

16 Koelle, G B This Journal, 88 232, 194G 

17 DuBois, IC P , Erway, W F , and Byebrum, R U Fed Proc , 6 326, 1947 

18 Beveridge, L Science, 93 356, 1941 

19 Sawyer, C H , and Everett, J W Endocrinology, 39 307, 1946 

20 Everett, J W , and Sawyer, C H Endocrinology , 39 323, 1946 

21 Sawyer, C H , and Everett, J W Amcr J Physiol , 148 675, 1947 



THE EFFECT OF 2,3 DIMERCAPTO PROPANOL (BAL) ON 
THE TONICITY OF 2-METHYL-l , 4-NAPHTHOQUINONE 
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The toxicity of 2-methyl-l ,4-naphthoquinone in several species of animals has 
been established (1-3). The anti-microbial properties have also been demon- 
strated (4-9). Colwell and McCall (8) suggested that the mechanism of anti- 
bacterial and antifungal action of 2-methyl-l, 4-naphthoquinone is dependent 
upon inhibition of — SH enzymes or metabolites essential for their growth. They 
reported that sodium thioglycolate, cysteine and ethyl mercaptan suppressed 
the anti-bacterial and antifungal action (effect) of the quinone. 

Fieser (10) has demonstrated the interaction of 2-methyl-l, 4-naphthoquinone 
and certain sulfhydryl containing compounds. And more recently Bartlett (11) 
has reviewed the evidence for a selective reaction between protein — SH and 
quinones. 

Since BAL has been demonstrated to protect tissue — SH enzjunes and since 
the evidence already quoted suggests that certain quinones produce their effects 
on biological systems through at least partial inactivation of — SH enzymes, we 
were led to study the effect of BAL on the toxicity of 2-methyl-l, 4-naphtho- 
quinone in a living mammal. 

Methods. Young adult Rockland white mice were used in these studies. No animal 8 
weighing under 19 grams were used. In general, 10 mice were selected as the minimum 
number to be used for any single procedure. The animals were fed Purina dog chow ad 
libitxim and were allowed free access to water at all times. BAL (2,3 dimercapto propanol) 
was administered subcutaneously in saline in dosages shown in the accompanying tables. 
The volume used at no time exceeded 0.1 cc. The quinone was administered intraperi- 
toneally in suspension in sesame oil in volumes not exceeding 0.2 cc. In those experiments 
in which the drugs were administered intraperitoneally in a single vehicle, sesame oil was 
employed. The 2-methyl-l, 4-naphthoquinone was administered approximately five 
seconds after the BAL. Observations on the treated animals were made for a period of 
five days. The mortality results reported include animals dying within this period. 

Results. The results obtained are shown in table I. The data given demon 
strate the partially protective action of BAL in animals treated with 85 mgm. of 
2-methyl-l ,4-naphthoquinone per kilogram of body weight. That the converse 
also obtains is indicated by the results of July 23 (A) (table I). These data 
show that the quinone reduces the mortality resulting from highly toxic doses 
of BAL (100 mgm./kgm.). Table I [July 23 (B) and August 14] shows that 
there is a move marked antagonism between these two drugs when they are 
administered intraperitoneally in the same solvent. 

1 We wish to express our appreciation to Dr. D. W. MacCorquodale of the Abbott Labora- 
tories for the 2-methyl-l, 4-naphthoquinone used in this investigation. 
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TABLE I 


DATE 

MEDICATION 

SOLVENT 

ROUTE 

DOSE 

SEX 

no or 

MICE 

FIVE DAY 
MORTAL 
ITY 





rtgm / 








kgm 




July 14 

BAL 

Saline 

s c 

40 

Female 

10 

2 


Quinone* 

1 Sesame oil | 

« p 

75 

Female 

10 

3 


BAL and 

Saline 

8 C 

40 

Female 

10 

0 


Qmnone 

Sesame oil 

» P 

75 




July 22 

BAL 

Saline , 

s c 

50 

Male 

10 

0 


Quinonc 

Sesame oil 

* p 

100 

Male 

10 

10 


BAL and 

Saline 

8 C 

50 

Male 

10 

9 


Qutnone 

Sesame oil 

i p : 

100 ' 




July 22 

BAL 

Saline 

S C 

60 

Male 

10 

0 


Qmnone 

Sesame oil 

» P 

85 

Male 

10 

10 


BAL and 

Saline 

s c | 

GO 

Male 

10 1 

1 


Qmnone 

Sesame oil 

ip ! 

85 





BAL 

Saline 

8 C 

80 

Male 

10 

1 


BAL and 

Saline 

S C 

so 

[ Male 

10 

4 


Quinone 

Sesame oil 

IP 

85 




July 23 (A) 

BAL 

Saline 

s c 

100 

Female 

10 

8 


Quinonc 

Sesame oil 

1 P 

85 

remale 

10 

8 


BAL and 

Saline 

8 C 

100 

Female 

10 

2 


Quinone 

Sesame oil 

1 P 

85 





BAL 

Saline 

3 C 

SO 

Female 

10 

5 


BAL and 

Saline 

S C 

SO 

remale 

10 

3 


Qmnone 

Sesame oil 

IP 

85 




July 23 (B) 

BAL and 

Sesame oil 

IP 

100 

Female 

10 

0 


Quinone 



85 




August 14 

Quinone 

Sesame oil 

ip 

100 

Male 

5 

5 


BAL and 

Sesame oil 

IP 

100f 

Male 

10 

0 


Quinone 



125 f 


10 

3 





150f 


10 

5 


* 2 methyl 1,4 naphthoquinone 

t The BAL and Qmnone were dissolved in sesame oil m equimolecular quantities The 
do?o shown refers onh to the dose of the 2 methyl 1 4 naphthoquinone 
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SUMMARY AND CONCLUSIONS 

It has been demonstrated that BAL partially protects mice against lethal 
doses of 2-methyl-l, 4-naphthoquinone and that greater protection is afforded 
when the two compounds are administered in the same medium. The results 
suggest that the affinity of the BAL molecule for the 2-methyl-l, 4-naphtho- 
quinone is not as great as the affinity of BAL reported for certain other chemical 
substances (12). 
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Sclilesingcr (1) has repotted on the use of a preparation of d-tubocurarme in 
peanut oil with 4 8 per cent beeswax. (Romansky formula) (2) Favorable 
relaxant effects were obscived m spastic individuals for 48 to 72 hours following 
intramuscular injections and some patients apparently received benefit from 
injections given as infrequently as once each week Similar residual beneficial 
effects were described earlier by Berman (3), follow mg mtrav enous injection of a 
preparation of crude curare The present investigators considered that this 
beneficial effect might represent a special susceptibility of hyperstunulated 
muscles to the small residuum of curare present m the body, the characteristic 
effects of which otherw iso might not be grossly recognizable It was apparent 
that the “head-drop” assay in rabbits, which has proved effective in testing 
anticurare action (4), might also be used to determine the amount of active 
curare remaining in animals at time intervals following injections of sub- 
paraljzant doses of curare 

Because of the similarity of myasthenia gravis to the state of curarization, 
and the established sensitivity of myasthenic patients to curare, it was felt that 
the agents such as neostigmine, useful in the treatment of that disease, might 
be assayed in rabbits by observing their effects on “head-drop” doses of curanz- 
mg agents Since prolongation of neostigmine action would be most desirable 
in this disease, an attempt w’as made to delay the absorption of neostigmine by 
incorporating it in the beeswax and peanut oil v chicle This preparation w as 
injected into rabbits and attempts were made to demonstrate its presence in 
physiologically active amounts by measuring the assayable sensitivity of the 
animals to curare The prolonged action of di-isopropyl fluorophosphnte (DFP) 
following the intravenous injection of its aqueous solution was similarly studied 

Methods and results The rabbit “head drop” assay, modified as pre- 
viously described (4), was utilized m these experiments employing d tubo- 
curarme chloride 2 as the standard agent for intravenous injection (as a solution 
containing 0 5 mgm /cc ) d-Tubocurarme chloride was also available as a 
suspension containing 30 mgm (200 umts)/cc in a peanut oil and 4 8 per cent 
beeswax vehicle 2 This suspension, when injected intramuscularly into the 
extensor muscles of the hind limb of rabbits, w as absorbed erratically, as evi- 
denced by the obvious curare effects in some animals and the paucity of ob- 
servable or titratable effects in other animals at the same dose This variation 

1 This study was supported, in part, by a grant in aid from Hoffman La Roche, Inc 

2 Supplied through the courtesy of E II Squibb and Sons 

* Supplied for these experiments by Abbott Laboratories 
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was presumed to be due to the differences in absorption and susceptibility due to 
variable activity of the animals (5). However, when injected beneath the 
dorsal skin in a dose of 4 mgm. (26.7 units) /kgm. there was little gross appearance 
of curare action to be observed and the rates of absorption and elimination found 
by assay of “head-drop” doses using the solution of crystalline d-tubocurarine 
were much more uniform. Twenty-four hours after subcutaneous injection of 
the oil-and-wax preparation into a group of 9 rabbits, the mean “head-drop” dose 
was 66 per cent of the control dose (critical ratio 4.4) and 48 hours after injection, 
it was 90 per cent of the control dose (critical ratio 2.5). These findings imply 
that at 24 hours, 33 per cent of a “head-drop” dose still remained. 

An attempt was made to prolong the action of neostigmine methylsulfate, 
by suspending it in oil and wax in a concentration of 1.0 mgm./ec. Measure- 
ment of the effectiveness of this preparation was made by titrating the increase 
in “head-drop” dose of d-tubocurarine. The absorption of neostigmine was 
sufficiently rapid following subcutaneous injection of the suspension in doses 
of 0.75 mgm./kgm. that signs of parasympathetic stimulation (salivation, 
defecation, wheezing) were evident within 30 to 60 minutes. Eight hours after 
injection into 7 rabbits, the mean “head-drop” dose for the group was 106 per 
cent of the control value (critical ratio 1.52). A dose of 0.5 mgm./kgm. pro- 
duced minimal effects and 4 hours post-injection the “head-drop” doses of the 7 
rabbits averaged 119 per cent of the control dose (critical ratio 0.73). Neither 
result was considered to be statistically significant (critical ratio of 2.0 or greater), 
and the failure to prolong the action beyond 4 to 8 hours discouraged expansion 
of the series. 

Control studies were made to determine the duration of anticurare effect of 
intravenously and subcutaneously administered crystalline neostigmine methyl- 
sulfate in water solutions containing 0.5 mgm./cc. “Head-drop” determina- 
tions with d-tubocurarine were performed at intervals of 1 minute, 30 minutes 
and 1 hour, in separate studies, following injections of 0.05 mgm. of neostigmine 
methylsulfate per kgm. intravenously. Similarly a group of 10 rabbits was 
tested at 15 minutes, 1 hour and 2 hours following injections of 0.1 mgm. of 
neostigmine methylsulfate per kgm. subcutaneously. The results of these 
assays are presented in figure 1. The means of all these assays differed sig- 
nificantly from the control mean, with the exception of the value for 1 hour fol- 
lowing intravenous administration (critical ratio 1.14). It is evident, therefore, 
that with the doses employed, the anticurare effects last for 1 to 1 hour following 
intravenous injection and for 1 to 2 hours following subcutaneous injection. 

Tire ability of intravenously administered DFP to antagonize curare action 
has been reported (4, 6). Additional information concerning the duration of 
this effect is included here for comparison with the duration of neostigmine 
effect. DFP was freshly prepared, in solutions containing 1 mgm./cc., before 
injection of each group of animals. A single dose of 0.1 mgm./kgm. was given 
to each of 13 rabbits, 0.2 mgm./kgm. to two groups of 14 and 9 animals, re- 
spectively, and 0.3 mgm./kgm. to a group of 18 animals. The results of the 
titrations of “head-drop” doses of d-tubocurarine immediately following and at 
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intervals of several days after injection are presented graphically in figure 2. 
The maximum antagonism to curare occurred following a dose of 0.2 mgm./kgm. 
and the duration of this action for 12 days or more simulates what is known of 
the duration of DFP effect on serum cholinesterase and approaches that of red 
blood cell cholinesterase . With the largest dose, the antagonism which appeared 
immediately was followed by prolonged synergism with curare. Muscular 
weakness lasting 1 to 2 weeks, or longer, has been described by Modell et al. (7) 
n cats surviving doses of 10 mgm. of DFP per kgm., but partially protected in the 

CONTROL 
HEAD DROP 
DOSE 



Fio. 1. Rabbit Head-drop Doses of d-Tubocurarine Following Neostigmine 

acute stages of DFP poisoning by atropine, by atropine plus magnesium or by 
physostigmine. 

Neostigmine or physostigmine could be given in repeated daily doses with 
impunity, but when rabbits, other than those previously described, were injected 
with DFP and d-tubocurarine for the second consecutive day, they presented 
many of the same signs as animals given a single fatal dose of DFP (0.G mgm. 
per kgm.). During titration, convulsive and incoordinated movements were 
frequent, bronchospasm and salivation were marked, and the dosage required 
for the production of “head-drop,” in nearly every instance, was lower than the 
one of the previous day. Recovery of ability to raise the head occurred quickly, 
but “head-drop” recurred intermittently for an hour or more thereafter in some 
animals. On subsequent days, following a total of 0.6 mgm. of DFP per kgm. 
in divided doses, the following phenomena were noted: (1) a number of animals 
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died; (2) in survivors which appeared to be relatively normal, the “head-drop” 
dose of d-tubocurarine was markedly reduced, usually to well below the original 
control level; (3) a total of 6 animals showed marked weakness of the neck 
muscles and were in a state of intermittent chronic “head-drop”. These findings 
are similar to those recorded by Hunt and Hiker (8) in cats chronically affected 
by DFP. Flaccid paralysis of neck muscles and fore-limbs following comparable 
amounts of DFP in rabbits has previously been noted by Horton et al. (9). 

CONTROL 
HEAD DROP 


•0.1 MGM/KGM DFP 



Fig. 2. Rabbit Head-drop Assats of d-Tubocurarine Following 
Di-isopropylflitorophosphate (DFP) 

It is of considerable interest that in two of the animals subsequently showing 
markedly reduced “head-drop” doses of d-tubocurarine following DFP, a state 
of prolonged “head-drop” could be precipitated on the following day by neostig- 
mine, 0.0125 mgm./kgm. In some of these rabbits, muscular exercise was also 
effective in inducing a return of “head-drop”. We have previously demonstrated 
a synergism between the effects of exercise and curare action (5). 

CONCLUSIONS 

1. Measurable curare action has been demonstrated in rabbits by the rabbit 
“head-drop” assay method to be present 48 hours after the subcutaneous in- 
jection of a suspension of d-tubocurarine in a peanut oil and beeswax vehicle. 

2. An assay method has been described by which the prolonged action on 
neuromuscular activity of preparations of neostigmine or other anti-cholin- 
esterase substances can be measured. 
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3. Suspension of neostigmine in the peanut oil and beeswax vehicle failed 
significantly to prolong the action of neostigmine. 

4. The duration of the antagonistic action toward curare of intravenously and 
subcutaneously injected neostigmine has been measured in rabbits; this cor- 
responds closely with the duration of clinical effects of this drug seen in the 
treatment of myastenia gravis. 

5. The duration of antagonism of curare action by single injections of DFP 
has been determined in rabbits. 

6. The prolonged effect of large subcutaneous doses of neostigmine and 
large intravenous doses of DFP resulted in an increased sensitivity to curare. 
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Oxyacanthine 1 was isolated in pure form from Berbens vulgaris by Hesse 
(!) and its structure elucidated by von Bruchhausen and Scbultze (2). Exami- 
nation of its formula reveals that this tertiary alkaloid has many structural 
components found in d-tubocurarine. We have converted oxyacanthine into its 
quaternary derivative, N-methyloxyacanthine iodide and have compared its 
pharmacological activity with that of d-tubocurarine chloride. 2 




I. d-Tubocurarine (3) : Molecular weight 624.7. Used as the dichloride. Pentahydrate, 
molecular weight 785.7; m p. 268-269°C. 

II. N - Mo thy 1 o x y ac a n t h i n e : Molecular weight 638.7. Used as the diiodide, molecular 
weight S92.6; m.p. 25S-261°C. 

Experimental Procedure. Rabbits. Solutions containing 0.25 mgm. of curariform 
ion per cc. were injected in 15 seconds into a marginal ear vein of each of 24 rabbits (1.8-2.4 
kgm.) ; these were restrained individually in an enclosed box. The doses producing head- 

1 Also called liydroxyacanthine. 

5 This research was supported in part by a grant from S. B. Penick & Co., New York. We 
arc grateful to Dr. W. G. Bywater, S. B. Penick & Co., New York, for generously supplying 
“western barberry” root from which the oxyacanthine was isolated by the method of Spiith 
(Bcr. 68: 22S0, 1925). We are grateful to Dr. D. L. Tabern, Abbott Laboratories, North 
Chicago, for generously supplying the d-tubocurarine chloride, and to Dr. E. B. Tucker 
for technical assistance. After this research was completed, the preparation of N-methyl- 
oxyacanthine bromide was accomplished. With due allowance for the difference in molecu- 
lar weight of the halide salts, this compound was identical in activity with the iodide. 
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drop lasting a minimum of 3 minutes in half a group of 8 animals were determined (see 
table 1). The experiments were repeated on the same animals after a one-week interval 
After an additional 4-day rest period, the 2-daj' head drop cross-over assay of Holaday (4) 
was performed. In this procedure, the rabbits are tied belly down and 0 1 cc. of solution 
administered intravenously even* 15 seconds until tho head will not rise when the shaven 
back is electrically stimulated. Since this is an assay requiring a positive response in all 
animals, tho individual variation introduced is fairly wide; consequently, 0.15 mgm of d- 
tubocuranne chloride pentahydrate per hgm was considered one unit, and the data for the 
N-methyloxyacanthine was adjusted to this point, depending on tho response of the in- 
dividual rabbit on successive da>s. The results of the 24 pairs of data are given in tabic 1. 
Doses 50 and 100 per cent larger were given to each of 2 groups of 10 rabbits, and the LDm 
was calculated by the method of Miller and Tainter (5). 


TABLE 1 



D-TUBOCOIAWKE 

N UITH YLOX Y ACANTH INE 

Albino rats 

LDjo 

0.22 (0.27)* 

0.43 (0.60) 

Rabbits 

Head drop 50 

Holaday head drop 

LDjo 

0.10 (0 12) 

0.12 (0.15) 

0.19 (0.24) 

0 13 (0.18) 

0.15 (0.21) 

0.24 (0 33) 

Dog 

Gastrocnemius muscle equivalent paralysis 

Head drop 

0 00 (0 075) 
0.13 (0.16) 

0 11 (0 15) 

0.20 (0 28) 

Man 

Head drop (3 minutes) . ! 

(9 minutes) 

(18 minutes) 

0.12 (0.15) 

0 16 (0.20) 

0.23 (0.32) 

0.27 (0.375) 


* All doses given in mgm of curnriform ion per kgm body weight. Dose of equivalent 
amount of salt used given in parenthesis. 

The animal data were treated by the method of Miller and Tainter (5). The standard 
errors of all the rat data lie w ithin G per cent of the figures given, within 5 per cent for the 
rabbit data, and within approximately 9 per cent for the dog data In spite of the narrow 
limits of the calculated standard errors, there is a variation in these data for d-tubocurarine 
chloride and that of a previous publication (6). 

Isolated sections of jejunum from 2 rabbits were prepared for recording by the usual 
Magnus technic in Tyrode solution and the responses to acetylcholine chloride and to hista- 
mine phosphate were tested before and after addition of the curanform agents 

Rats The relative toxicity was determined in GO albino male rats (170-250 grams). 
Solutions containing 0.10 mgm of curariform Ion per cc. were injected jntraperitoneally 
and the lethal doses were determined (see table 1). Four to 10 minutes after receiving a 
lethal dose, the animals became limp and unable to walk, respiration stopped in an addi- 
tional 3 to 6 minutes, and finally cardiac activity ceased. The rats did not show any gross 
signs that these agents had cholinergic activity. They did not sneeze or salivate or evi- 
dence chromodachyria or flush as they do with some samples of crude curare. 

Dogs. Since cats w f ere unavailable, the gastrocnemius muscle preparation was performed 
on dogs. Three hundred mgm of sodium barbital per kgm. were administered intraperi- 
toneally 90 minutes prior to operation in 6 dogs (5.7-8 4 kgm.). The femoral and sciatic 
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nerves to one leg wfere cut. The peripheral end of the cut sciatic nerve was stimulated for 
one-tenth second with 6 volts 60 cycles half wave every ten seconds by a motor driven in- 
terrupter. The contractions of the gastrocnemius muscle were recorded on a soot kymo- 
graph with a weighted lever. Carotid blood pressure was recorded with the usual mercury 
manometer. The dogs were mechanically oxygenated. 

Fifty and 75 micrograms of d-tubocurarine chloride pentabydrate per kgm. were given 
intravenously as reference paralyzing doses . The dogs were apparently slightly less sensi- 
tive to d-tubocurarine than the cats used in a previous problem (6) since the larger dose was 



m 

loo 


50 

DT DT M M 

50 75 150 200 

i 1 1 — i — — i » 1 1 1— J 

Fia.l. 6.3 Kgm. Male Dog. Gastrocnemius Contractions, Above, and Blood Pres- 
sure, in Mm. Hg, Below 

Time marks at 5-minute intervals. Fifty micrograms d-tubocurarine chloride penta- 
hydrate per kgm. given at DT/50; 75 micrograms at DT/75. One hundred fifty micrograms 
N-methyloxyacanthine iodide per kgm. given at M/150; 200 micrograms at M/200. 

required to produce the expected amount of paralysis. After the muscle returned to nor- 
mal, various doses of the other agents were given until equivalent paralysis was produced 
(see figure 1). The muscle could be partially paralyzed by this procedure for 4 to 8 times 
before contractility no longer returned to normal. Recent experiments indicate that the 
effects produced in a given animal by 65, 75, and S5 micrograms of d-tubocurarine chloride 
per kgm. differ by at least 5 per cent. 

Four additional dogs were anesthetized with sodium baribital and were prepared for 
blood pressure recording. These animals received small doses of acetylcholine chloride 
and epinephrine hydrochloride before and after partially paralyzing doses of the curari- 
form agents (see figure 2). 
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Modified head drop cross-over assays were performed in 3 trained, female litter-mate, 
pedigreed dogs (Boxers: 17-18 kgm., 10 months old). The agents (0.25 mgra of curariform 
ion per cc.) were administered intravenously in 30 seconds or less into the minor saphenous 
vein while the dog reclined on one side. The animal was allowed to rise, and the time of 
onset of paralysis (inability to stand) and its duration were recorded with any other objec- 
tive findings. Doses of agents producing paralysis lasting 3-10 minutes could be read- 
ministered on the following day and the same duration of action, within ± 45 seconds, could 
be obtained. These assays with unanesthetized dogs were introduced as a preliminary to 
the investigations in man. 

Man. In order to have information concerning possible clinical findings with N-mcthyl- 
oxyacanthine iodide, two experiments were carried out on one of us (D. F. M.) who had been 
previously standardized to d-tubocurarine chloride (0). The SO kgm. 29-year old white 
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Fig. 2. 7.0 Kgm. Male Dog. 
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male was placed in a modified Fowler’s position on a treatment table (back elevated about 
40° from the horizontal, legs about 120° to trunk). A strap was placed around the lower 
thighs to prevent the subject from slipping off the table. The N-raethyloxyacanthine 
iodide was given intravenously over a two minute period as a 0.5 per cent solution. The 
outstanding features of the effects from one experiment are given in figure 3. Other than 
the occurrence of dryness of the mouth and nose, effects were similar to those noted with 
d-tubocurarine chloride (6). 

Results. Depending on the test procedure adopted, the N-methyloxy* 
acan thine is one-half to three-fourths as active a paralyzing agent as d-tubo" 
curarine chloride (based on molecular equivalence; slightly smaller ratios are 
obtained if the particular salts actually used are considered). 

Although these two agents are primarily curariform in action, they differ 
slightly in side-effects. In our experiments with isolated rabbit jejunum, we 
found that as much as 800 mgm. of d-tubocurarine chloride per liter had no 
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apparent effect on the response of the gut to acetylcholine (1:30 million) or 
histamine, although 40 mgm. of N-methyloxyacanthine per liter blocked from 50 
to 75 per cent of the effect of acetylcholine, but had little or no effect against 
the histamine. Similar effects were produced by 2 to 4 micrograms of atropine 
sulfate per liter. Similar lack of activity was found for d-tubocurarine chloride 
by McIntyre (7) although Gross and Cullen (8) found ‘Intocostrin’ to have 
atropine-like effects on human intestine. 

Neither of these two agents has any obvious cholinergic or histaminic effects 
in intact rabbits or rats. In trained dogs, paralyzing doses of d-tubocurarine 



0 5 10 15 20 25 

TIME IN MINUTES 


Fig. 3. Human Male (80 Kgm.). Thirty Mgm. or N-Methyloxtacanthine Iodide 
(0.5 per cent Solution) Were Given Intravenously at Time Indicated 
Pulse rate, beats per minute, above; systolic and diastolic blood pressure, in mm. Hg, 
between; and presence of miscellaneous effects indicated by solid lines below. 


chloride produce copious salivation; paralyzing doses of N-methyloxyacanthine 
iodide produce no salivation. A somewhat similar situation exists in man: 
the subject complained of the inability to swallow what he felt was the accumula- 
tion from normal salivation and the material had to be swabbed out by one of 
the operators periodically during the d-tubocurarine head-drop experiments; 
during the experiments with N-methyloxyacanthine the subject experienced a 
dryness of the mouth which persisted for several hours after the experiment 
had terminated and no swabbing was necessary . . 

In the anesthetized dog, d-tubocurarine chloride had no particular effects on 
the response to acetylcholine and epinephrine, although N-methyloxyacanthine 
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partially antagonized acetylcholine and slightly potentiated epinephrine 
(figure 2). 

Discussion. Brown and Fraser (9) discovered that almost any compound 
possessing a quinquevalent nitrogen atom within its molecule possessed some 
curnriform activity. However, for a compound to be clinically useful as a 
curariform agent, either it must bo specific enough that it does not produce any 
undesired side-effects or else it must combine two desired effects. Of the many 
quaternary ammonium compounds with curariform activity, only those with the 
d-tubocurnrine typo of molecule (I) have been sufficiently free of side-effects to 
be accepted clinically. Although d-ttibocurarine is extensively used in co- 
anestlietic medication for relaxation of the abdominal musculature, it has not 
gained universal acceptance for use in convulsive and spastic states, whether 
these be the result of therapy (metrazol, electroshock) or disease and accidents. 
The introduction of an agent, sueli as N-mcthyloxyacanthine, which produces 
the desired skeletal muscle relaxant effect and yet does not produce the danger 
of laryngospasm from aspirated saliva, might lead to greater adoption of this 
type of therapeutic agent. 

In an earlier paper (6), it was demonstrated that quaternary ammonium 
compounds which possessed the typical bis-l-(p-oxybenzyl)-G,7-dialkoxytetra- 
hydroisoquinoline molecule had curariform activity without appreciable side 
activity. N-Mcthyloxyacan thine has virtually the same structural components 
except that they have been combined noth the isoquinoline rings adjacent (II) 
instead of being alternated with the two oxybenzyl groups as in the d-tubo- 
curnrine molecule (I). This interchange of two rings has led to a slight reduction 
in activity (although several agents with the other arrangement are even less 
active (G)) and has added a weak atropine-like activity to the molecule. 

SUMMARY 

N-Methyloxyacantliine iodide was compared with d-tubocurarine chloride 
pentahydrate in rats, rabbits, dogs, and man. N-Methyloxyacanthine is about 
one-lialf as active a paralyzing agent as d-tubocurarine, but differs in that it also 
possesses a weak atropine-like action. 
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The uptake of phosphate by the red blood cells has been the subject of many 
investigations although only a few determinations have been made using radio- 
active tracers. The migration of phosphate between plasma and cells was 
studied by Halpern (1). Her conclusions were that at 3°C. the membrane is not 
permeable to inorganic phosphate, at 23°C. slowly, while at 37.5°C. the transfer 
is easily demonstrated. Variations in carbohydrate metabolism were induced 
in vitro by the addition of glucose and sodium fluoride, and the subsequent 
changes in the distribution of phosphate were then observed. Inorganic phos- 
phate entered the cell during glycolysis but left the cell when glycolysis was 
completed even though its concentration was already higher in the serum than in 
the cells. Eiseman, Ott, Smith, and Winkler (2) , using radioactive phosphorus, 
confirmed the observations of Halpern. They found that inorganic phosphorus is 
excluded from the cells at 7°C. and freely enters the cell at 38°C. They believe 
that some inorganic phosphate is converted into an organic form. The mecha- 
nism of entry of phosphate into tissue cells has been reviewed recently by Sacks 
(3). In view of these experiments and the interest in the effect of anesthetics 
on cellular processes, it was decided to use the transfer of radioactive phosphate 
from plasma into the red blood cell as a means of studying the effects of anes- 
thetics on this enzymatic transfer mechanism. 

Early in the investigation, it was found that considerable variations exist 
in the uptake of phosphate by various bloods. Even the same individual does 
not show the same degree of penetration from day to day. Therefore, this re- 
search was extended to cover a study of thirty individual blood donors. Some of 
these individuals were tested repeatedly from day to day under uniform and also 
varied conditions of food intake. 

Methods. Human blood was used in this investigation. In some preliminary experi- 
ments it was oxalated (200mgms. of potassium oxalate per 100 cc. of blood), but the majority 
of experiments were carried out with citrated blood using the ACD 5 preservative. One- 
hundred cc. of blood thus contained 1.91 X 10~ 5 moles of citrates at pH 6.8-7 .0 and 600 
mgms. of dextrose. In these latter experiments bloods of individual donors were used. 
When drawn in the morning the blood was used immediately; when drawn in the afternoon 
it was kept at 4°C. overnight. 

1 This investigation was supported (in part) by a research grant from the Division of 
Research Grants and Fellowships of the National Institute of Health, U. S. Public Health 
Service. The authors are also indebted to Dr. Vincent W. Archer, Department of Roent- 
genology, Medical School, University of Virginia, for supplying sufficient funds to purchase 
some of the equipment used in this work. 

5 ACD preservatives: Trisodium citrate, 166.2 grams; citric acid, 59.50 grams; dextrose, 
300 grams. Added to 5000 cc. distilled water. Filtered and 50 cc. added to each 500 cc. 
blood. 
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A ten cc specimen of blood was placed in a test tube (20 X 140 mm ) If necessary, the 
drug, in the form of pov\ dcr, w as added and dissolved One cc of radioactive phosphate jn 
0 9 per cent NaCl solution was then added, the tubes closed and rotated at a rate of 90 
rpm at 37 6 C Control experiments w ithout the drug were earned out in all determinations 
After various periods of time specimens were taken, centrifuged, and the plasma used for 
determination of radioactivity Simultaneously, hematocrit readings were taken to trace 
any possible variation in blood coll volume Hematocrit readings were made after 30 
minutes centrifugation at 1700 rpm 

For the determination of the amount of radioactivity, the following technique was 
found to gne reproducible results Standard aluminum dishes (supplied by one of the 
manufacturers) were flattened b> means of an hydraulic press The dishes were washed 
carefully w ith alcohol and ether By using a rubber stamp with a metal ring as a guide, a 
ring of silicon grease was stamped in the middle of each dish Then a 0 2 cc sample of 

TABLE I 

The effect of mass and the amount of plasma on the determination of radioactivity 
in plasma ( per 0£ cc of plasma) 


Ashing the samples 


SMIttE NO 

j MINUTES 70* 2018 COUNTS 

Dry 

Ash 

1 

1 45 

1 45 

2 

1 07 

1 70 

3 

1 75 

1 76 


Varying the amount of plasma 


SAMPLE NO | 

PLASMA 

COUNTS PE* MINUTE 

COUNTS p£* 0 I CC 

1 

CC 

0 1 

310 

310 

2 

0 2 

580 

200 

3 

0 3 

890 

297 

4 

0 4 

1130 

283 


plasma was placed m the middle of the ring and with the help of a fine copper wire and a 
trace of di octyl-sodium sulfo succinate the plasma was spread evenly within the ring 
The sample was dried at 80°C To determine the radioactivity of the solution added to the 
blood, 1 00 cc of radioactive phosphate w f as added to 10 cc of water, and 0 2 cc of this solu- 
tion was used for the determination of the radioactivity of the original phosphate solution 
All measurements of radioactivity were earned out by determining the time required 
for 2048 counts to take place This operation was repeated ten times In consequence, 
every experimental point was based on 20,480 counts The results were corrected for the 
background counts which were generally at the rate of 30 to 40 per minute The over all 
average experimental error was about dbl 5 per cent 

Two factors may interfere with the validity of the measurements The first is self 
absorption the absorption of beta radiation by the sample itself This factor was tested 
by ashing of the plasma and also by increasing the volume and, therefore, the weight of the 
sample In table I are given the results of these experiments Examination of this table 
shows that ashing docs not change the time necessary for 2048 counts The same is true, 
up to a certain limit, when the amount of plasma is varied Therefore, self absorption in 
these experiments is negligible 
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Another variable in these experiments is the possible effect of carbon dioxide and oxygen 
oh the penetration of radioactive phosphate. In table II are given the results of an experi- 
ment in which the same blood was saturated with air and with a mixture of 5 per cent carbon 
dioxide and 95 per cent oxygen. Surprisingly, these various bloods showed identical counts 
within the experimental error. The rate of penetration of radioactive ions is not affected 
by these gases under the conditions of these experiments. Therefore, it was decided to 
'carry out all the determinations in atmospheric air. It is of interest to note that the ab- 
sence of oxygen does not seem to affect this rate of penetration (table II). 

In order to obtain the magnitude of the exchange of radioactive phosphate between cells 
and plasma the following determinations were made: 1. the total radioactive phosphate 
added to blood; 2. the amount of radioactive phosphate in an aliquot part of plasma; and 
3. the volume of plasma (hematocrit readings). The number of counts and, therefore, the 

TABLE II 

The effect of saturating cilraled blood with various gases at 37° C. 


COUNTS PEE MINUTE PEE 0.2 CC. OP BLOOD; 


TREATMENT 

After 1$ hrs. 

After 3 hrs. 

In plasma 

In blood 
corpuscles 

In plasma 

In blood 
corpuscles 

Saturated with air 

■SI 

820 

— 

1000 

Sat. 5% CO : : 95% O- 

■SI 

890 

1 . 

9S0 

Saturated with N 5 


850 

760 

990 

Saturated with N» 

1010 

880 

740 

1010 


concentration of radioactive phosphate in plasma or cells can easily be calculated from the 
following equations: 


Counts in 0.2 cc. plasma X 


Per cent of plasma 
100 


Counts in plasma per 0.2 cc. of blood 


Counts in plasma 


per 0.2 cc. of blood 


X 100 = Per cent of P 32 in plasma 


Counts in 0.2 cc. of blood 
100 — Per cent of P 32 in plasma — Per cent of P 32 in blood cells 


Results. Considerable variation from individual to individual was found in 
the rate of penetration of radioactive phosphate ions into the cells. The fre- 
quency distribution diagram of 27 blood donors is given in fig. 1. The spread 
of experimental points is symmetrical after 1 hour and is less after 3 to 4 hours. 
After 6 hours, the segregation of experimental points was much better (not repro- 
duced on the graph). This is probably due to the fact that the system ap- 
proached an equilibrium. 

The variation between individual blood donors led to the study of the variation 
of the rate of penetration of P 32 in a single individual under controlled condi- 
tions. J. L., a healthy, athletic, young man was asked to eat an average lunch 
between noon and 1:00 p.m. At 3:00 p.m. 50 cc. of his blood were drawn. 
The operation was repeated daily for G days. The results are given in fig. 2. 
The blood of J. L. showed considerable variability, equal, if not greater, than 
the variability between individual blood donors. Particularly striking are the 
results of two experiments when in 1 hour practically 80 per cent of P 32 was 
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transferred into tlie cells. The only noticeable difference which the blood 
showed on those days was a slight milky-white appearance. In consequence, it 
was thought that an acceleration of penetration of P 32 may have been due to the 
presence of fats or lecithin. 

In order to clear up that point, it was decided to restudy an individual donor. 
This time, R. G. was requested to abstain from breakfast on 2 days (the blood 
was drawn at 9:00 a.m. and used immediately). On 2 other days, he was asked 
to eat a copious breakfast (8:00 a.m.), drink 2 glasses of milk and eat a large 
amount of butter. At 10:30 a.m., 50 cc. of his blood were drawn and used 
immediately for experiments. The results of these four experiments are given 


NUMBER 



32 37 42 47 52 57 62 67 72 77 

PERCENT R32 IN CELLS 


Fig. 1. Rate op Penetration of P 32 into Human Erytiirocytes 
Frequency distribution diagram of 27 individual blood donors. Citrated blood at 37°C. 
Abscissae, per cent P 32 in cells; ordinates, number of cases. Results are given for the 
determinations at the end of one hour and for the 3 to 4 hour determinations. 

in fig. 3. Again this system demonstrated the same uncontrolled conditions. 
The food intake does not seem to bo a governing factor in the rate of uptake of 
P 32. The two experiments before breakfast showed a wide gap at 1 hour. At 6 
hours, the system showed a far more orderly behavior and the two sets of experi- 
ments exhibited a good segregation. The bloods before breakfast had about 60 
per cent of P 32 in the cells; the bloods after breakfast, about 76 per cent. 

The average curves for citrated blood (27 individuals) and for oxalated blood 
(10 experiments) are given in fig. 4, On the same graph is plotted the results of 
experiments with citrated blood as a reciprocal of time. This straight line was 
extrapolated to infinite time, indicating that at equilibrium conditions, 70 per 
cent of P 32 is in the cells. 

The variability of the uptake of phosphate discussed in a previous paragraph 
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leaves two possible solutions: 1. to make an exhaustive study of a certain drug 
sufficient to give a probable quantitative solution of the problem, or 2. to make 
a restrictive study of the effect of a certain drug and be satisfied with the answer 
“yes” or “no.” In the case of sodium barbital, an extensive investigation was 
carried out covering a large number of individual donors. In the case of ether, 
methadon, and urethane, only a few experiments were made to determine 
whether these drugs have an effect on the uptake of phosphate. 


PERCENT P 32 IN CELLS 



Fig. 2. Rate of Penetration of P 32 in a Single Individual (J. L.) 

Six experiments on different days. Citrated blood at ZT*C. Abscissae, hours ; ordinates, 
per cent P 32 in cells. 


Sodium barbital, in relatively small concentration, 0.02 Molar, has a distinct 
delaying effect on the uptake of radioactive phosphate by the cells. Fig. 5 
gives the results of these determinations, using the bloods of 21 donors. In the 
same graph are found the corresponding controls to which no sodium barbital 
was added. This drug had a very definite effect at the beginning of the experi- 
ments, but after 6 hours the sodium barbital curve began to coincide with the 
control curve due to a higher rate of penetration of radioactive phosphate. 
It may, perhaps, be said that the mechanisms for uptake have the power of 
recovering from the initial inhibitory effect and gradually resume a higher state 
of migration. 

Sodium barbital is osmotically active in blood, i.e., sodium barbital does not 
enter the cells. In table III are found the averages of determinations of the 



ANESTHETICS ON UPTAKE OF P 32 BY ERYTHROCYTES 


111 


change in volume of blood colls. Examination of the table demonstrates that 
the permeability of cells to sodium barbital does not change in the course of the 
experiment, indicating first, that the cell is not injured by a G-hour contact with 
sodium barbital; and second, that the recovery of the cell from initial inhibition 
is not due to any redistribution of sodium barbital between the cells and plasma. 
Since sodium barbital is osmoticnlly active, the blood cells lose water. There- 
fore, it may be suspected that the initial difference ( 1 hour) may simply be due to 


PERCENT P 32 IN CELLS 
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Fig. 3. Rate op Penetration of P 32 in a Single Individual (R. G.) 

Citrated blood at 37°C. Abscissae, hours; ordinates, per cent P 32 in cells. Upper two 
curves, X and ®, blood samples taken after breakfast; lower two curves A and V, blood 
samples taken before breakfast. 


a flood of water from the cells into the plasma. This would produce a temporary 
physical barrier to the migration of radioactive phosphate into the cells. 

If this delay is an osmotic phenomenon, then another osmotically active 
substance should reproduce the delay observed in the case of the sodium barbital 
curve. In table TV, the results of Exp. 50 are given in detail. In this experi- 
ment, sucrose was used as the osmotically active substance. The results do not 
leave any doubt concerning the specific effect of sodium barbital. In an iso- 
osmotic concentration, sucrose does not delay the penetration of radioactive 
phosphate into the cells. It must be concluded that the effect of sodium barbital 
is a true change in the mechanisms of uptake of phosphate. In order to produce 
the same amount of shrinkage in cells, the concentration of sucrose required is 
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Urethane was tried at concentrations of 0.02 and 0.04 Molar. The experiments 
extended from one to six hours. Beside the usual controls, experiments were 
done with urea at the same concentration as urethane. Urethane is osmotically 
inactive in blood; that is, it enters the cells. The results of four experiments 
indicate that neither methane nor urea have any effect on the uptake of phos- 
phate ions by the red blood cells. 

Discussion. In this study of the effects of certain anesthetics on cellular 
permeability, the system plasma-red blood cell was chosen on account of its 
ease of study. However, this simple system presented many difficulties in ex- 
perimental analysis. Due to the variability in the rate of uptake of phosphate 
from day to day of blood from different donors and even from the same donor, 
each experiment had to be evaluated by itself. Fortunately, this could be done 
by using the same blood sample with and without the anesthetic present. There- 
fore, the blood sample in each determination had the same amount of citrate 

TABLE IV 


Effect of sodium barbital and sucrose on cell volume and uptake of P 38 
by red blood cells at S7°C. ( cilrated blood) 


nouRS 

CELLS BY VOLUME 

P 32 IN CELLS 


Control 

0.04 3/ sucrose 

0.02.2/ Na barb. 

Control 




% 

% 

% 

% 

% 

% 

i 

37.9 

34.9 

34.7 

50.9 

52.6 

39.0 

3 

38.2 

34.7 

35.1 

61.5 

62.6 

52.7 


and glucose and was handled in the same manner, the only difference between 
samples being the presence or absence of the drug in question. There can be no 
doubt that sodium barbital in the concentrations used decreases the rate of 
uptake of radioactive phosphate by the red blood cell. Ether also has a retard- 
ing effect. Methadon (in very dilute solutions) and urethane do not effect the 
rate of uptake of phosphate by the red blood cell. 

From the fact that the rate of uptake of phosphate is abolished by a decrease 
in temperature and is dependent on the concentration of glucose in the plasma, 
it is obvious that the change in uptake is not merely one of change in permeability 
of the red cell membrane but depends on several factors. The chief factor must 
be an enzymatic action involving the formation of hexose-phosphates in the cell 
or on the cellular membrane. Therefore, it is probable that the anesthetics 
which delay the uptake of phosphate are acting on an enzymatic process. 

SUMMARY 

1. The rate of uptake of radioactive phosphate ions by human erythrocytes is 
a variable. It varies from individual to individual and in the same individual 
from day to day. This change seems not to be a function of food intake. 

2. Sodium barbital decreases the rate of uptake of radioactive phosphate ions 
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by the red blood cell. Certain quantitative conclusions were derived from ex- 
periments covering a large number of individual blood donors. 

3. Ether has a retarding effect. Methadon (in very dilute solution) and 
urethane do not change tho rate of uptake of phosphate ions by the red 
blood cell. 
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Urethane was tried at concentrations of 0.02 and 0.04 Molar. The experiments 
extended from one to six hours. Beside the usual controls, experiments were 
done with urea at the same concentration as urethane. Urethane is osmotically 
inactive in blood; that is, it enters the cells. The results of four experiments 
indicate that neither urethane nor urea have any effect on the uptake of phos- 
phate ions fay the red blood cells. 

Discussion. In this study of the effects of certain anesthetics on cellular 
permeability, the system plasma-red blood cell was chosen on account of its 
ease of study. However, this simple system presented many difficulties in ex- 
perimental analysis. Due to the variability in the rate of uptake of phosphate 
from day to day of blood from different donors and even from the same donor, 
each experiment had to be evaluated by itself. Fortunately, this could be done 
by using the same blood sample with and without the anesthetic present. There- 
fore, the blood sample in each determination had the same amount of citrate 

TABLE IV 


Effect of sodium barbital and sucrose on cell volume and uptake of P 3S 
by red blood cells at 37°C. ( cilrated blood) 


\ 

nouis 

1 

CELLS BY VOLUME j 

P 32 IN CELLS 


Control | 



Control 1 




% 

% 

% 

% 

% 

% 

i 

37.9 ! 

34.9 

34.7 

50.9 

| 52.0 

39.0 

3 

38.2 

34.7 

35.1 

61.5 

i 62 ' 6 

52.7 


and glucose and was handled in the same manner, the only difference between 
samples being the presence or absence of the drug in question. There can be no 
doubt that sodium barbital in the concentrations used decreases the rate of 
uptake of radioactive phosphate by the red blood cell. Ether also has a retard- 
ing effect. Methadon (in very dilute solutions) and urethane do not effect the 
rate of uptake of phosphate by tbe red blood cell. 

From the fact that the rate of uptake of phosphate is abolished by a decrease 
in temperature and is dependent on the concentration of glucose in the plasma, 
it is obvious that the change in uptake is not merely one of change in permeability 
of the red cell membrane but depends on several factors. The chief factor must 
be an enzymatic action involving the formation of hexose-phosphates in the cell 
or on the cellular membrane. Therefore, it is probable that the anesthetics 
which delay the uptake of phosphate are acting on an enzymatic process. 

SUMMARY 

1. The rate of uptake of radioactive phosphate ions by human erythrocytes is 
a variable. It varies from individual to individual and in the same individual 
from day to day. This change seems not to be a function of food intake. 

2. Sodium barbital decreases the rate of uptake of radioactive phosphate ions 
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Since the work of Quastel and his associates (1, 2, 3) there has been a growing 
concept that central nervous system depressants produce their effect by inhibit- 
ing the enzymes necessary for the oxidation of carbohydrates It has been shown 
that many narcotics inhibit oxygen uptake when glucose, lactate or pyruvate are 
used as substrate but do not inhibit the oxidation of succinate (3, 4, 5) These 
and other investigations (0, 7, 8) indicate the dehydrogenase, cytochrome and 
cytochrome oxidase are relatively narcotic insensitive, whereas flavoprotems or 
unknown components of the oxidative enzyme system are relatively narcotic 
sensitive Methadon, meperidine (dcmerol) and morphine, though veiy dif- 
ferent in molecular structure, have similar m vivo action as analgesics A recent 
investigation (8) has shown that morphine in concentrations up to 0 01 M does 
not inhibit glucose oxidation by brain tissue m vitro whereas 0 005 to 0 01 M 
demerol and 0 001 to 0 005 Af methadon do produce inhibition 

The purpose of the present investigation w as (a) to determine the effect of 
proven analgesics on the succinic oxidase system, (b) if possible to determine 
what part of the system was blocked and (c) to attempt to correlate m vitro and 
in mo action of the drugs If the principal site of enzymatic blockage could be 
established then a biochemical basis would exist for the development of better 
analgesics and for the more efficient and economical testing of the large number of 
synthetic compounds bemg developed as possible analgesic agents Most recent 
investigations (9, 10) mdicate the succinic oxidase system consists of the dehy- 
drogenase, cytochrome b, an unknowm factor, cytochrome c, cytochrome a and 
cytochrome oxidase Any observed effect of the analgesics on the oxidation of 
succmate would be due to its action on one or more of these components 

Methods The analgesics used were morphine sulfate USP, codeine sulfate USP, 
meperidine hydrochloride (Wmthrop) and methadon hydrochloride (Lilly) Since there 
are two molecules of the active alkaloid per molecule of morphine sulfate and codeine sul 
fate, equal molar concentrations have twice a3 many active groups as methadon hydro 
chloride and meperidine hydrochloride 

Beef hrain homogenate was used as a source of enzymes About one hundred grams of 
brain, obtained within 10 minutes after the animal was slaughtered, were immediately 

1 Ethyl 1 methyl-4 phenylpipendine-4 carboxyl ate hydrochloride kindly supplied by 
Wmthrop Chemical Co as “Demerol*' 

2 4,4 Diphenyl 6 dimethylamino heptanone, 3 HGI kindly supplied by Eh Lilly & Co as 

“Dolophine" 

8 This investigation was supported m part by a research grant from the Division of Re 

search Grants and Fellowships of the National Institute of Health, U S Public Health 
Service 
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frozen in a mixture of dry ice and acetone. The frozen brain was then broken into pieces 
of one to three grains and packed in a 25 mm. x 200 mm. test tube. The test tube was slipped 
into a quart vacuum bottle, previously packed with about 500 grams of dry ice. When 
stored in a refrigerator the dry ice will last about one week; the tissue is kept at a very low 
temperature. There was no significant change in succinic oxidase activity for as long as 
30 days. The tissue homogenate was prepared by grinding the frozen brain in cold 0.1 M 
phosphate buffer in a glass grinder (11). One part tissue plus 9 parts of buffer (10 per cent 
homogenate) was used for the Thunberg experiments; a 25 per cent homogenate was used 
for AVarburg experiments. 

Succinic oxidase activity was determined by the method of Schneider and Potter (12). 
Oxygen consumption was measured in Warburg manometers at 36.3°C. with a gas phase of 
oxygen. Two control vessels with no drug and four vessels with increasing drug concentra- 
tions were used in each experiment and served as checks on each other. The contents and 
concentration of the substances in the Warburg vessels are given with the results for each 
experimental condition. Oxygen was passed through the vessels 10 minutes followed by a 
10 minute equilibration period. The initial readings were then made, the stopcocks closed 
and the substrate tipped over into the reaction vessels to start the experiment 

The effect of the drugs on succinic dehydrogenase activity was determined by the rate 
of methylene blue reduction using the Thunberg method. The tubes and contents were 
chilled in an ice-water bath and evacuated for 3 minutes noth a good water aspirator. Re- 
duction time was determined visually using 90 per cent reduction as the end point. There 
was a tendency for the highest drug concentration, especially of morphine sulfate, to shift 
the pH of the buffered solution. A Cambridge glass electrode pH meter was used for pH 
determinations on the contents of the Thunberg tubes and the AVarburg vessels after each 
experiment. Spectral absorption curves of cytochrome c were made with a Beckman model 
DU spectrophotometer. It could be determined qualitatively whether cytochrome c was 
in the oxidized or reduced state. 

Results. The effect of the drugs on oxygen uptake by the succinic oxidase 
system is shown in figs. 1 and 2. Fig. 1 shows a typical experiment with meperi- 
dine. Oxygen uptake is linear with time and there is no significant endogenous 
activity of the homogenate. The relative inhibition of the succinic oxidase 
system by morphine, codeine, methadon, and meperidine is shown in fig. 2. 
The per cent inhibition was obtained by dividing the control vessel oxygen uptake 
for 60 minutes into the difference between the control vessel and the vessel with 
drugs. There is a marked inhibition by all the drugs. Part of the inhibition by 
morphine could be due to the shift in pH -which was as much as 0.88 pH units 
at 4 X 10~ 2 M. The pH could not be held constant at 7.4 since morphine at the 
higher concentrations would not stay in solution at this pH. Methadon and 
meperidine gave an even greater inhibition at a very constant pH. The pH 
with these drugs never varied more than 0. 1 units. Repeated experiments with 
methadon (fig. 2) and homogenates prepared at different times show the experi- 
ments and degree of inhibition to be quite constant and reproducible. 

Spectral absorption curves made on the contents of the Warburg vessels 
immediately after experiments showed the cytrochrome c in the control vessels 
with a high rate of oxygen uptake was in the reduced state. This was to be 
expected since succinate in the presence of dehydrogenase readily reduces cyto- 
chrome c. In the vessels with concentrations of morphine, methadon or meperi- 
dine which produced significant inhibition, the cytochrome c was in the oxidized 
form. This indicated the dehydrogenase or some factor necessary for the reduc- 
tion of cytochrome c by succinate was being blocked. 
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Fia. 1. The Effect of Varying Concentrations of Meperidine on the Succinic 
Oxidase System 


”■ liosphate 
shrome c; 
water to 



Fio. 2. Effect of Varying Concentrations of Analgesics on the Succinic 
Oxidase System 

Solid lines, 0.3 cc. of 0.5 M sodium succinate as substrate; broken line, 0.3 cc. of 0.5 M 
p-phenylenediamine as substrate; concentration of other components same as for fig. 1. 

Since succinic dehydrogenase catalyzes the reduction of methylene blue in the 
presence of succinate, it was thought this method could be used to determine 
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the effect of the drugs on the dehydrogenase. The results are given in table I. 
Morphine inhibited methylene blue reduction. This inhibition is partially due 
to the decrease in pH which amounted to 0.S4 units at 1 X 10~ 4 M morphine 
sulfate. Time for methylene blue reduction increased from 7 to 27 minutes. In 
a control experiment when the pH was decreased 0.79 pH units by means of 
phosphate buffer the reduction time was increased from 18 to 25 minutes. 
Methadon and meperidine accelerated the reduction of methylene blue by the 
homogenate both in the presence and absence of succinate. This acceleration 
is independent of any change in pH which was never lowered more than 0.1 pH 


TABLE 1 


The effect of morphine, meperidine, and methadon on the rale of methylene blue reduction. 

Temp. 36.3° C. 


REDUCTION TIHE — MINUTES 


Drug Concentration — Molar 

0 

0.005 

0.01 

0.02 

0.04 

Morphine sulfate 

7 

9 

11 

15 

27 

Morphine sulfate, no succinate 

14 ! 

40 

43 

48 

60 

Meperidine HC1 


26 

25 

25 

18 

Meperidine HC1, no succinate 


71 

39 

23 

12 

Methadon HC1* 


16 

14 

7 

5 

Methadon HC1* no succinate 

Methadon HC1, no succinate, no homo- 

49 

34 

7 

i 

1 

genate 

— 

141 

27 

10 

10 


Except as noted each Thunberg tube contained 1.0 cc. of 1:10,000 methylene blue; 1.0 
cc. oi 0.10 M phosphate buffer, pH 7.4; 1.0 cc. of 0.15 M sodium succinate; drug to give 
final concentration shown above; water to make 5 cc.; 1.0 cc. of 10 per cent brain homo- 
genate in phosphate buffer in the side arm. 

* The methylene blue was in solution with the methadon during a 10 minute equilibra- 
tion period so that some reduction had occurred before the homogenate was tipped into 
the tube and the data is only qualitative. 


units. Finally it was found that methadon reduces methylene blue in the 
absence of both succinate and the homogenate. Thus methadon is a reducing 
agent which requires no biological catalyst to reduce methylene blue. Morphine 
and meperidine did not reduce methylene blue in the absence of the homog- 
enate. Any observed effect of these analgesics on the rate of reduction would 
not necessarily be due to their effect on the dehydrogenase. 

In a further attempt to isolate the point of blockage by methadon its effect on 
the oxidation of p-phenylenediamine was determined. Only cytochrome c — 
cytochrome oxidase is necessary for the oxidation of this substrate (9) . As shown 
in fig. 2 methadon inhibits the oxidation of the p-phenylenediamine even more 
than the oxidation of succinate. Failure to obtain complete inhibition at the 
higher concentrations of methadon is probably due to the autoxidation of p- 
phenylenediamine. 

Discussion. The analgesics investigated consistently inhibited the succinic 
oxidase system. The concentration required is about two to five times as great 
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as that required to inhibit the oxidation of glucose, lactate, and pj ruvate by the 
same analgesics This is probably the reason most previous m\ estigators ha\e 
concluded that succinic oxidase is narcotic insensitive Assuming uniform dis- 
tribution the concentrations required for in vitro inhibition are infinitely greater 
than that required to produce the m vivo effect of the drugs Though the rela- 
tive analgesic potency of these drugs has not been firmly established (13, 14, 
15), with the ex'ception of meperidine the inhibition produced is m the order of 
the in vivo potency as analgesics 

The attempt to determine the point of blockage by methadon or the other 
analgesics is inconclusive Any conclusions to the effect of the drugs on the 
dehy drogenase w ould be open to question since other factors effect the rate of 
methjlene blue reduction The qualitative spectrograplnc data definitely in- 
dicated the dehydrogenase or an unknown factor (9, 10) is blocked, preventing 
the reduction of cytochrome c in the presence of succinate Since the oxidation 
of p-phenylenediamme is also inhibited it must be concluded that methadon also 
blocks at the cytochrome c — cytochrome oxidase level This might indicate that 
the inhibition is not specific but the analgesics at the concentrations used are 
general enzymatic inhibitors. 

The author wishes to express his appreciation to Dr Chalmers L Geramillfor 
his many beneficial suggestions durmg the progress of this w ork and to Mrs It 
F Matthews for her technical aid in the experiments 

SUMMARY 

Morphine, codeine, meperidine, and methadon inhibit the oxidation of suc- 
cinate by brain homogenate Spectrographic data show ed these drugs prevent 
the reduction of cj tochrome c by the enzyme preparation and succinate indicat- 
ing the block occuired at the del^alrogenase or an unknown factor The inhibi- 
tion of the oxidation of p-phenylencdiamme by methadon shows blockage also 
occurs at the c> tochromc-c} tochrome oxidase level 
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A new series of anticholinergic spasmolytic compounds, substituted acetic 
acid and glycolic acid esters of amino alcohols synthesized by Blicke and Tsao (1), 
has been investigated recently by Lands and Nash (2) and Lands, Nash, and 
Hooper (3) for their pharmacologic activity. Preliminary experiments (4, 5) 
have shown that jS-piperidinoethyl phenyl-a-thienylglycolate (PPT) 



is most promising and worthy of more intensive pharmacologic study. The work 
described here was undertaken to determine chiefly the effectiveness of the com- 
pound with respect to its spasmolytic action in experimental animals and normal 
human volunteers, and to determine what side reactions might be expected to 
occur following therapeutic application to man. 


Methods. 1. Animal studies, a) Cardiovascular action: Healthy dogs of varying sex 
and weight were anesthetized with sodium pentobarbital. As an indicator of the anti 
cholinergic effectiveness of this agent, the blood pressure response to acetylcholine before 
and after the administration of PPT was determined. In order to determine whether PPT 
possessed any significant antihistaminic action, it was compared with diphenhydramine 
(Benadryl) employing histamine as the vaso-depressor substance. The intravenous route 
was employed throughout. Electrocardiographic studies were made in 4 unanesthetized 
monkeys after subcutaneous administration. 

b) Spasmolytic action: Effects on the gastro-enteric tract were determined in 17 monkeys 
pretreated with morphine sulfate, 0.5 to 7.0 mgm./kgm., subcutaneously. The activity of 
the colon, ileum and jejunum in the acute experiments was measured after an abdominal 
incision and insertion of single balloons. In the remaining monkeys, the balloons were 
inserted in tandem into the distal colon by way of the anus and inflated to a pressure which 
would produce optimal recordings. Air or air-water transmission was used with either 
Harvard membrane or aneroid manometers. Intestinal activity of the dog was recorded 
similarly. Normal activity as well as morphine- and pilocarpine-induced hyperactivity 
were recorded. Intravenous dosages of morphine from 2.5 to 6.5 mgm./kgm. and of pilo- 
carpine 2.0 mgm./kgm. were employed. Effects in the intact uterus were recorded in 4 

1 Aided by a research grant from the Sterling-Winthrop Therapeutic Institute, Rens- 
selaer, New York, which also provided the new drugs used in this study. 

2 Now at National Institute of Health, Nanking, China. 
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anesthetized ijpn prign mt multiparous rabbits, using the same recording appiratus as in 
the dog The activity of the ixol xted non pregnant, guinea pig strip w is recorded by the 
Magnus method using Smith Itingcr's solution Lftects on the intact rat uterus were re 
corded in 5 anesthetized virgin nts PPT w is administered subcut vncously in all cases 
c) Chronic toxicity Three normal nbbits were given daily subcutaneous doses of PPT, 
40 mgm /hgm until the animals died of convulsions During the period of this experiment, 
the sulfobromophthalcin retention, blood urea, red and white blood counts, hemoglobin, 
and differential white cell count were determined every 10 days Particular attention was 
p ud to the general condition of the animals, appetite cardiac rite, respiration size of the 
pupil ind central nervous sy stem irritnbiht\ Autopsy was performed immcdiateh after 
dcith and sections of the brain, lung heart, liver, spleen, kidney, adrenal, md intestine 
were taken for histopathologic examination 

2 Hitman studies a) PPT was given to normal subjects m doses ranging from 2 5 to 35 
mgm Doses of 2 5, 5, 7 5, 10, and 20 mgm were administered sublingually , those of 10, 
15,20 30 35 mgm , orally The following observations were made on each subject before 
md at definite intervals after the idmimstrntion of PPT 

Central nertous system Tremors, pupil size reading ability (us a measure of accommoda 
tion), degree of hypnosis (by the number of strokes tapped per minute on a telegraph key), 
degree of analgesia (by measuring the time of appear ince of ischemic pain with a blood 
pressure cuff applied and pressure maintained oxer sxstolic blood pressure) 

Autonomic nenous system Skin temperature color, and degree of perspiration 
Cardiotascular system Pulse rate and character blood pressure and clectroe irdiogr im 
Respiratory system Hate and implitudc (by use of the met ibolor) 
b) Gastric motility was recorded in 4 subjects by means of a balloon passed into the 
stomach and connected by an air system to an aneroid manometer Doses of 5, 10, and 25 
mgm were idministercd orally and of 5 and 10 mgm , sublingually 

Results — Ammal Studies Cardiotascular effect* Monkeys — Xo effect w as 

noted on cardiac rate, rhythm, oi conduction in the monkeys after the subcu- 
taneous administiation of 4 0 mgm /kgm of PPT 
Dogs — The fall m blood pressure from mtiavenous (i v ) doses of accty lcholme 
iodide •was effect i\el\ combatted by PPT m 14 dogs The mean fall in blood 
pressure of two dogs pioduced by a conti ol dose of 0 001 mgm /kgm of ace 
tylcholine iodide, n , w as 59 mm Hg After the ndmmistiation of 10 0 mgm / 
kgm of PPT, i v , graded doses of 0 001, 0 01, 0 1, and 1 0 mgm /kgm of ace 
tylcholine iodide produced a fall of 4, 16, 51, and 68 mm Hg, iespecti\ ely It is 
interesting to note that aftei the administration of PPT, the fall m blood piessuie 
caused by acetylcholine in dosage as large as 1 0 mgm /kgm (i e , 52 and 84 mm 
Hg) is comparable to that pioduced by the conti ol dose of acetylcholine, 0 001 
mgm /kgm 

In Mew of the marked anti acetylcholine effect of PPP demonstrated by this 
expenment, moie e\tcnsi\e studies weie instituted in 5 othei healthy dogs to 
determine the intensity and duration of action of this pai ticulai agent in smallci 
doses F ollow mg the injections m the same dog of deci easing doses of PPT, 10 0, 

1 0, 0 5 and 0 1 mgm /kgm ,n , the conti ol dose of acetylcholine, 0 001 mgm / 
kgm was lepe&tbd at 5 to 10 minute intervals until the blocking action of PPP 
against the depressor effect of acetylcholine could no longer be demonstrated 
Representative letiOids of the decreased blood piessuie response to acetylcholine 
at diffeient inter\ his* aftei the admmisti ation of PPT arts illustrated in fig 1 
The lcsults show that PPT in doses of 0 1 mgm /kgm and up, possesses pio 

fti t 
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nouneed anti-acetylcholine activity. The depressor response to acetylcholine, 
0.001 mgm./kgm., was completely blocked for considerably long periods by PPT 
in doses of 0.5, 1.0, and 10.0 mgm./kgm. and remained partially depressed for 
71, 124, and 323 minutes, respectively. 

In a series of 3 dogs, histamine was given in doses of 0.001, 0.01, and 0.1 mgm./ 
kgm. No effect was evidenced on the histamine-induced fall in blood pressure 



Fig. 1. Du ratio ' ' ' ’ 1 effect of PPT on the blood pressure of the dog. 

Challenge; dose of ■ ' 001 mgm./kgm., intravenously, used throughout. 

C = control response to acetylcholine tor PPT doses of 0.1 and 10.0 mgm./kgm. R = 
recovery response and control response for each subsequent injection of PPT; c.g. R for 
PPT 0.1 mgm./kgm. is control response for PPT 0.5 mgm./kgm., etc. D = total duration 
of anti-acetylcholine action expressed in minutes; 14 D, Y> D and J4 D represent responses 
to acetylcholine injections at time intervals which were 14, 34 and 24 of the total time (D) 
during which anti-acetvlcholinc action was present. 


after the administration of 10 mgm./kgm. of PPT. There was no demonstrable 
effect upon the blood pressure rise induced by 0.1 unit/kgm. of pitressin after the 
intravenous administration of 10 mgm./kgm. of PPT. 

Gastro intestinal activity. Monkey — Morphine was given to accomplish a dual 
purpose in the monkey experiments; first, to induce hypermotility, and second, 
to quiet the animal during the experimental period. No anti-morphine effect 
was obtained on the ileum, jejunum, and colon in an acute monkey experiment, 
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when PPT was administered in subcutaneous doses ranging from 0.1 to 0.4 
mgm./kgm. No antispasmodic effect was found in the 7 remaining monke 3 r s 

TABLE 1 


Duration of spasmolytic action of PPT and Trascntin, subcutaneously, following morphine 
induced hypermotihty of the monkey colon 


NUMBER OF MONKEYS 

PPT 

TRASF NTIS 

MEAN DURATION AND 
RANGE OF COMPLETE SP4S- 
MOLYSIS (MINUTES) 


/ kgm 

ms« fkgm 


3 

0 4 

! 

1 

(0-3) 

o 

1 0 

i 

13 

(5-21 ) 

1 

1 3 

— 

3 

(1— G ) 

4 

2 0 

— 

24 

(8-52) 

4 

4 0 

' 

17 

(5-2S) 

4 

S 0 

— “ 

42 

, (5-G2) 

7 

1 

10 i 

4 

(0-22) 





P.P.T 


Fig. 2 Influence of PPT and Tr\sentin on Morphine Induced Hyper \cti\ ity of the 
Monkey Colon 

Upper record = tracing from upper balloon, lower record = tracing from lower balloon 


with subcutaneous doses of less than 0.4 mgm./kgm. In the dosage range of 
0.4 to 8.0 mgm./kgm. spasmolytic activity against morphine-induced hypermo- 
tility was usually quite marked, especially at the higher dose levels (see table 1). 
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A representative record is presented in figure 2. Trasentin did nokproduce 
spasraolysis until a doseof 10 mgm./kgm. was reached and then only infrequently 
did it exhibit any action on the monkey colon. 

Dog — Results in normal, morphine- and pilocarpine-induced hyperactivity of 
the ileum and jejunum are summarized in table 2. PPT depressed activity in all 
of the dogs. 

Uterine effects. Rats — No effect could be elicited on the intact rat uterus by 
PPT in subcutaneous doses ranging from 0.5-8.0 mgm./kgm. 

Rabbits — No changes were observed in the intact uterus in doses varying from 
1 to 10 mgm./kgm., given intravenously. 

Isolated guinea pig uterus — In concentrations ranging from 5 X 10 -4 to 5 X 
10~ 2 mgm./cc., the activity was increased from 1 to 4 times that of the control. 

Chronic Toxicity. The results of the chronic toxicity study are summarized 
in table 3. 


TABLE 2 

Spasmolytic effect of PPT in jejunum and ileum of the dog 


NO. OF DOGS 

PPT 

RANGE AND AVERAGE DURA- 
TION OF DEPRESSION (MIN.) 

AGENT USED TO INDUCE 
ACTIVITY 

3 

mgm./kgm. 

0.2 

0 

None 

1 

0.5 

34 

None 

l 

2.5 

(30-37) 

101 

None 

l 

0.5 

(72-130) 

40 

Pilocarpine 

l 

1.0 

58 

Pilocarpine 

3 

0.5 

(55-60) 

21 

Morphine 

3 

1.0 

(4-30) 

40 

Morphine 

1 

2.0 

(0-130) 

52 I 

Morphine 


These tests were carried out over a period of 68 days. Slight changes in the 
blood picture of the tested animals were evidenced by an increase in the number of 
red and white blood cells. 

There was slight impairment of renal and hepatic functions as evidenced by in- 
crease in blood urea and sulfobromophthalein retention. All of the animals 
showed a gradual decrease in body weight and gradual anorexia accompanied by 
general weakness. Definite mydriasis was regularly shown for about 3 hours 
following the injection from the second week of administration. 

Rabbits No. 1 and No. 2 began to develop mild convulsions on the 44th and 
47th day, respectively, and finally succumbed in clonic convulsions on the 46th 
and 52nd day, respectively. The third animal did not convulse until the G8th 
day when it died 2 hours after the onset of convulsions. 

On autopsy 2 of these animals showed gross signs of congestion of the liver 
and scattered pale ischemic patches in the kidneys. Microscopic examination of 
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brain, lung, liver, spleen, heart, intestine, kidney and adrenal revealed no changes 
which could have been considered as being due to direct pathologic effects of 
PPT. In the case of one rabbit, early fatty infiltration ascribable to malnourish- 
ment was observed and in another there were recent intra-alveolar hemorrhages 

TABLE 3 


Chronic toxicity in rabbits following the subcutaneous administration of PPT, 40 mgm.fkgm. 

given daily 



XABBIT NO. 1 

XABBIT NO 

2 

j XABBIT NO 

3 


Con- 

2nd 1 

6th 

Con- 

2nd | 

6th 



6lh 


trol 

wk. . 

wk. 

trol 

wk. 

wk. 

trol 

wk. 

wk. 

Body Wt. (kgra.) ' 

3.5 

3.8 

3.0 

4.1 

4.3 ' 

2.9 

3.2 

Efl 

2.5 

Red Cell Count (millions) 
White Cell Count (thou- 

5.57 

6.32! 

6.27 

6.13 

6.37, 

6.84 

4.81 

6.71 

6.93 

sands) 

12.2 

14.2 

17.7 

9.7 

11.9 i 

14.8 

11.5 

18.3 

21.7 

Differential White Count 










N 

75 

66 

59 

71 


64 

69 

62 

68 

L 

19 

31 

36 

22 1 

23 

33 

22 

34 

26 

M 

4 

3 

5 

7 

6 

3 

8 

4 

6 

E 

2 

0 

0 


1 


1 



B 

Sulfobromophthalein % rc- 

0 

0 

0 


H 


H 

0 


tention after 60 min.. 

17 

18 

24 


12 

15 

20 

22 

27 

Blood Urea N in mgm. % 

10.4 

; 12.0 

13.6 

12.5 

Ka&l 

14.7 

9.5 

12.5 

Esa 


TABLE 4 

Untoward effects of PPT in humans 


no or 

SUBJECTS 

BOSE | 

XOUTE 

side Errecrs 

1 

r tgm 

2.5 

Sublingual 

Local anesthesia at site of application 

5 

5 

Sublingual 

Local anesthesia at site of application 

3 

7.5 

Sublingual 

Local anesthesia at 6ito of application 

2 

10 

Sublingual 

Local anesthesia at site of application 

3 

10 

Oral 

No effects 

5 

15 

Oral 

No effects 

4 

20 

Oral 

No effects 

1 

20 

Sublingual 

No effects; local anesthesia at site of application 

4 

25 

Oral 

No effects 

4 

30 

Oral 

Two subjects were drowsy 

4 

35 

Oral 

One subject was drowsy and another, 40 min. after 




administration, exhibited drowsiness, vertigo, and 
, had dimness of vision and chills lasting 80 min- 
utes 


which could be explained as being due to the convulsive osphyxial type of death 
of these animals. 

Human Studies. Table 4 summarizes the results obtained in the determina- 
tion of untoward effects in the human. 
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The average age of the subjects was 25, ranging from 17 to 35. As indicated 
in table d, there were no appreciable effects noted until the 30 mgm. dose level 
was reached. Only one subject taking a 35 mgm. dose noted marked untoward 
effects; the first reactions noticed were dimness of vision and malar flushing 40 
minutes after the administration of PPT orally; 35 minutes later, the subject 
had chills; her hands were cold, and forehead skin temperature had dropped 
1.8° C. from the value obtained 15 minutes earlier. On standing, she com- 
plained that her legs felt “like rubber”. No significant changes were noted in 
the pulse rate, blood pressure or electrocardiogram. The same subject had 
previously taken 15 mgm. with no untoward effects. Other than the effects in- 
dicated, there were no measurable changes observed by the methods employed on 
the central and autonomic nervous systems, cardio-vascular and respiratory 
systems. 


TABLE 5 

Inhibitory effects of PPT on gastric motility 


DOSE 

ROUTE 

NO. OP SUBJECTS 

ONSET OP ACTION , 

i 

DURATION OP 
ACTION 

tngm. 



mm. 

min. 

5 | 

Oral 

2 

— 1 

— 

10 

Oral 

2 

1 

i 

— 

25 

Oral 

1 


— 

5 

Sublingual 

1 

25 

33 

5 

Sublingual 

1 

11 

19 

10 

Sublingual 

1 

5 

62 

10 

Sublingual 

1 

7 

30 


Table 5 illustrates the effects of PPT on gastric motility. Sublingual ad- 
ministration of 5 mgm. doses resulted in an inhibition of gastric motility for 
19 and 33 minutes and 10 mgm. was spasmolytic for 30 and 62 minutes. Oral 
administration of 5, 10 and 25 mgm. doses did not inhibit gastric motility. 

Discussion. Investigations of agents which possess potent anticholinergic ac- 
tion indicate that when the desired antispasmodic effects are obtained, there will 
also be some action on effector organs other than those upon which action is 
desired. Side actions following the administration of a gastro-enteric antispas- 
modic to the normal human, may imply a host of anticholinergic effects. How- 
ever, it should be recognized that a cholinergically innervated structure which is 
in spasm or hyperactive maybe responding to a greater than normal amount of 
acetylcholine. Consequently, it would be reasonable to expect that depression 
of this type of activity would be possible without marked side effects. It is for 
this reason that most of the studies which have been conducted in this investiga- 
tion have been designed to demonstrate drug effectiveness on a spasmogenic 
background. 

PPT is apparently more effective in reducing the morphine-induced hyper- 
activity of the monkey colon than is trasentin. The preliminary experiments in 













PHARMACOLOGY OF A NEW SPASMOLYTIC 


120 


human volunteers indicate that PPT is effective in reducing the normal motility 
of the stomach and suggest that it deserves controlled clinical trial in diseases 
associated Math hypermotility of the stomach and other portions of the gastro- 
enteric tract. 

In the monkeys used, there was no definite effect on the central nervous 
system in doses as high as 8 ragm./kgm. None of the animals exhibited notice- 
able side effects upon being released in their cages. However, it has been sug- 
gested (6) that the monkey is resistant to some of the peripheral and to the central 
nervous system effects of these anti-cholinergic compounds. 

The central nervous system effects in man were definite only in one subject 
of four at the highest dose level of 35 mgm. orally. In all probability, this dose 
approximates the level at which untoward reactions will appear, since four other 
subjects receiving the slightly lower dose of 30 mgm. did not show any effect. 

SUMMARY 

1 . The cardiovascular effects of PPT are as follows: (a) In monkeys, it produces 
no changes in cardiac rate, rhythm or conduction in subcutaneous doses of 4 
mgm./kgm. (b) In dogs, it effectively abolishes the depressor effect of ace- 
tylcholine, but in doses as high as 10 mgm./kgm., intravenously, it does not alter 
the cardiovascular response to histamine or pitressin. (c) In the normal human, 
doses ranging from 2.5 to 35 mgm. orally, did not produce any changes in blood 
pressure, cardiac rate, rhythm or conduction. 

2. The gaslro-cnleric effects of PPT arc: (a) In monkeys, doses varying from 
0.4 to 8 mgm./kgm., subcutaneously, induced spasmolysis in the intact colon 
rendered hyperactive by morphine, (b) In dogs, doses ranging from 1.0 to 
2.5 mgm./kgm., intravenously, induced spasmolysis of normally active and 
hyperactive ileum and jejunum, (c) In the normal human, 5 and 10 mgm. 
doses, sublingually, depressed normal gastric motility. 

3. The uterine effects of PPT are: (a) No changes were observed after in- 
travenous doses ranging from 1 to 10 mgm./kgm. in the intact, non-pregnant, 
rabbit uterus or in the intact rat uterus with subcutaneous doses of 0.5-8.0 mgm./ 
kgm. (b) Increase in activity was noted when concentrations ranging from 5 
X 10 -4 to 5 X 10“ 2 mgm./cc. bathed the isolated strip of the non-pregnant 
guinea pig. 

4. Chronic toxicity: Daily administration of PPT to rabbits in doses of 40 
mgm./kgm., subcutaneously, until death (4G-G8 days) slightly diminished renal 
and hepatic functions and increased red and white cell counts. The latter effect 
may be correlated with a progressive anorexia, weight loss, and dehydration. 
No significant histopathologic changes were produced. 

5. General effects of PPT in the human: In doses from 2.5 to 30 mgm., there 
were no measurable changes in a two -hour observation period on central nervous, 
cardiovascular or respiratory systems. One subject, of four receiving 35 mgm., 
experienced vertigo, dimming of vision and chills lasting 80 minutes. 
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Recent studies of ius(2-chloroethyl) substituted tertiary amines have em- 
phasized their selective actions on proliferative tissues which resemble the effects 
of penetrating radiations (1). These cytotoxic actions have been used to advan- 
tage in the treatment of certain neoplastic diseases (2). The present study, 
however, concerns the acute pharmacology of methyl-6is(2-chloroethyl)amine 
(HN2) and its active transformation products. In this regard previous inves- 
tigations of Gilman and Goodman (3) and Smith (4) have shown that HN2 
has cholinergic actions, findings which were confirmed and extended by Foss and 
Gaddura (5). Evans and Foss (6) described the “neurotoxic” effect of certain 
transformations resulting from the reactions of HN2 in water. Gilman, Good- 
man, and Philips (7) investigated the pharmacology of products formed by the 
transformation of HN2 in buffered solutions and related certain of the phar- 
macologic effects of HN2 to the occurrence of such transformations in vivo. In 
addition, Anslow, Karnovsky, Jager, and Smith (8) investigated the toxicity of 
crystalline salts of a number of the transformed products of HN2. 

Methods. Preparation of the transformed products of HN2. The principal transforma- 
tions of HN2 in dilute, slightly alkaline, aqueous solutions may be seen in the following 
series of consecutive reactions: 


CHiCHjCl 


CH,CH 2 


/ +/ 

CH,— N > Cl + CH,— N + HiO 

\ \ 

CHiCHiCl CH3CH1CI 


CH,CH,OH 


H+ + CH,— N 


/ 


\ 


cr + CH,— N 


CH,CH,C1 




\ 


CHiCHjOH 


+ HsO 


CH-CH, 


CHiCHjOH 

/ 

H + + CH,— N 

\ 

CHjCHjOH 


1 The work described in this paper was done in part under contract between the Medical 
Division, Chemical Corps, U. S. Army, and Cornell University Medical College. Under 
terms of the contract, the Chemical Corps neither restricts nor is responsible for the 
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Only 3 of the principal stages in the transformation of HN2 have an appreciable existence 
in mildly alkaline solution, namely: methyl-2-chloreothyl-ethylenimonium (chlorimine), 
methyl-2-hydroxyethyl-ethyIenxmonium (hydroxyimine), and methyldiethnnol-amine. 
The chlorhydrin formed by the hydrolysis of chlorimine undergoes rapid cyclization under 
such conditions. The cyclic chlorimine and hydroxyimine are involved, to a small extent 
in dilute solutions, in side reactions with different components of the mixture to form vari- 
ous relatively inactive polymers. Details of the reactions described have been fully studied 
by Bergman and co-workers (9). Advantage was taken of analytic procedures devised by 
these investigators to obtain solutions which contained as active constituents either the 
chlorimine or hydroxyimine. For this purpose 0.02 M solutions of HN2-hydrochloride= 
were prepared in 0.16 M NaHCOj and maintained at 30 =fc 0.1 °C. for varying intervals. 
Analysis of aliquots for Cl~ liberated and SjOj" uptake permitted an evaluation of the ex- 
tent of transformation at any given time. 

Solutions obtained after 20 minutes of reaction were found suitable for study of the ef- 
fects of chlorimine and showed upon analysis 2.00 molar equivalents of Cl~ liberated and 
1.86 molar equivalents of SiO«" uptake. The analytic results indicate a complete transfor- 
mation of the parent amine and the presence of chlorimine in solution in an amount equiva- 
lent to more than 90 per cent of the initial quantity of HN2-HC1. Chilling in ice water 
prevented any further significant change in composition for at least 2 hours. Doses of 
chlorimine were calculated assuming the 20-minute reaction product to contain 1 molar 
equivalent. 

After 15.5 hours of reaction at 30°C., solutions showed no further liberation of Cl - 
(2.87-2.91 molar equivalents). The 16.5 hour reaction product combined with 0.42 molar 
equivalents of SjOj”. These results indicate the absence of components capable of cycliza- 
tion and the presence of hydroxyimine equal to about 42 per cent of the initial amount of 
HN2-HC1. Chiling in ice water rendered this product stable for hours. Doses of hydroxy- 
imine assumed the presence of 0.4 molar equivalents in such solutions. 

After 48 hours of transformation, S s Oa~ reactivity was reduced to 0.03 molar equivalents. 
Such solutions were used to confirm previous observations on the relative inactivity of 
methyl-diethanol-amine and the various dimers formed during the transformation of HN2. 

Analysis of transformation products. 1. Chloride analysis. Ten cc. aliquots were added 
to 5 cc. of 0.32 M acetic acid containing 5 drops of 0.1 per cent dichlorfiuorescein solution. 
Titration for Cl“ was carried out rapidly with 0.1 N AgNOj. 

2. Thiosulfate uptake. Ten cc. aliquots were added to 10 cc. of 0.16 M NaHCOj and 10 
cc. of 0.1 N NajSjOi. After reaction at room temperature for at least 2 hours, 10 cc. of 0.32 
M acetic acid, 1 gram J2I, and 1 cc. of 1 per cent starch solution were added in turn. Thio- 
sulfate uptake was represented by the difference between the iodine (0.1 N ) titer of the un- 
knowns and that of 10 cc. of 0.1 N SiO i~. 

Cholinesterase activity. A modification of the method of Ammon (10) was used. The 
main wells of Warburg flasks received 3.0 cc. of 1 :60 homogenates of salivary glands and 0.5 
cc. of water. The side bulbs contained 0.5 cc. of 0.12 M acetylcholine bromide in 0.03 M 
NaHCOj. Homogenates were made in the Waring blendor, the diluent being 0.03 M Na- 
HCOj. After gassing with 95 per cent Nj and 5 per cent CO-, temperature equilibrium was 
established at 38°C., the vessels tipped, and manometric readings taken every 10 minutes. 
A 30-ininute period of constant rate was chosen to calculate activity. 

Physiological methods. 1. Blood pressure. Adult cats were anesthetized noth 30 mgru./ 
kgm. of sodium pentobarbital intravenously and the carotid artery cannulated and con- 
opinions or conclusions of the authors. The investigation was also supported by research 
grants to the Sloan-Kettering Institute from the U. S. Public Health Service, National 
Institute of Health, Divisiou of Research Grants and Fellowships, and from the American 
Cancer Society. 

- Twice recrystallized from hot acetone; analysis: N, 1.00 equivalent; total CJ, 2.97 
equivalents; total SjOj" uptake, 1.99 equivalents. 
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nccted to a mercury manometer- AH injections were made into the femoral vein. The 
right vagus nerve was exposed for stimulation with an inductorium. 

2. Nictitating membrane. The membrane of cats was connected to an isotonic lever after 
fixation of the eyeball. The cervical sympathetic truck was exposed for stimulation. 
Injections were made into the common carotid artery after appropriate dilutions were 
made with isotonic NaCl. 

3. Salivary flow. Adult cats wore anesthetized with 0.5 cc./kgm. of ".Dial” solution 
(Ciba) intraperitoneally. The duct to the right submaxillary gland was cannulated and 
the salivary flow measured by a drop recorder. The chorda iympant was cut and there was 
no spontaneous flow. Injections were made into the right common carotid artery. In 
certain experiments the right superior cervical ganglion was removed. At the conclusion 
of these experiments the right submaxillary gland was removed for determination of cholin- 
estcraso activity. 


TABLE 1 

Intravenous toxicity oj HN2-HCI and its transformation products in rats 


DOSAGE 

HN2-RCI 

CntOBIMINE 

n YDS QXYI WINE 

48 nous pion- 
eer 

Mor- 

tality 

Time of death 

Mor- 

tality 

Time of death 

Mor- | 
tahty i 

Time of death 

Mor- 

tality 

Time 

of 

death 

milols/ 









k{M. 









0.40 , 







0/6 


0.16 

4/4 

2 to 4 lira. 

1 G/C 

3 to 4 lirs. 

8/8 

1 hr. 



o.os , 

4/4 

1 day 

1 6/G 

1 day 

9/16 

1 to 3 hrs. 



0.04 

4/4 

1 to 2 days 

6/6 

1 to 5 days 

1/6 

3 hrs. 



0.02 

4/4 

3 to 5 days 

6/6 

3 to G days 





0.01 

5/6 

3 to 5 days 

8/8 

3 to G days 





0.005 

6/14- 

3 to 6 days 

2/10 

4 to 5 days 





0.0025 

1/10 

7 days 

0/6 







4. Neuromuscular function. Isometric recording of the contractions of the intact cat 
gastrocnemius-soleus preparation was made using a holder described by Wolf! nnd Cattell 
(11). The tendon was wired to a heavy torsion lever, the popliteal artery exposed 
for injections, and the sciatic nerve cut and its distal end placed in enclosed silver elec- 
trodes. Supra-maximal nerve shocks were delivered by an interruptor from a 1 mfd con- 
denser. The condenser charge was varied by a potentiometer circuit connected to a 45 
volt battery- The frequency of stimulation was 1 per 12 seconds. 

Results. Toxicity in rats. The intravenous toxicity of HN2 and its trans- 
formed products was studied in Wistar rats weighing 100 to 250 grams. The 
toxicity and the survival times following administration of HN2 and its chlori- 
mine were similar, (table 1). Doses less than 0.02 mM./kgm. caused delayed 
deaths while larger doses killed within 2 to 4 hours and were associated with a 
progressive muscular paralysis and terminal convulsive seizures. There was 
little difference in the appearance of rats receiving HN2-HC1 and the chlorimiue 
except that the latter sometimes produced a transient prostration immediately 
following the injection. 

The hydroxyimine was less toxic but survival times following lethal doses were 
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shorter than those following equivalent doses of HN2-HC1 or its chlorimine. 
This is in agreement with the studies of Boyland (12) who found that reduction in 
survival time of mice was related to the extent of hydrolysis of HN2. Rats which 
received the hydroxyimine in doses of 0.04 mM./kgm. or greater presented a 
progressive muscular paralysis which although more rapid in onset, was similar 
to that seen following HN2 or the chlorimine. Delayed deaths did not occur 
in animals receiving hydroxyimine. The 48 hour-product was relatively non- 
toxic and caused no deaths at 0.40 mM./kgm. 


TABLE 2 

Intravenous toxicity of HN2-HCI and its transformation ■products in cals 


DRUG 

DOSE 

Mor- 

tality 

TIME OF DEATH 

FLACCID 

PARALYSIS 

PARALYSIS 

+ 

INCOORDI- 

NATION 

REMARKS 


vxlf.fkgm. 






HN2-HC1 

.08 

i/i 

<18 hr. 

0 

+++ 



.04 

i/i 

<18 hr. 

0 

+++ 



.02 

3/3 

Id, 2d, 3d 

0 

+ - 



.01 

0/3 


0 

0 

2 showed wt. loss 


.005 

0/4 


0 

0 

no signs 


.0025 

0/2 

| 

0 

0 

no signs 

Chlorimine 

.02 

3/3 

15 min. 







18 hr. 

+++ 

H — 1 — |- 



.01 

3/3 

<18 hr. 

+4- 

+ 4* 



.005 

3/4 

Id, 6d, 14d* 

0 

+ - 



.0025 

0/2 


0 

0 

no signs 

Hydroxyimine 

.02 

3/3 

31-50 min. 

0 

H — 1 — b 



.01 , 

3/3 

43-80 min. 

0 

+++ 




3/4 

55-75 min. 

0 

+++ 




2/6 

43-48 min. 

0 

+++ 



SB 



0 

+4* 

recovery 


* Sacrificed. 


The results of the present study of the toxicity of HN2 and its transformations 
is in general agreement with the findings of Anslow, Karnovsky, Jager and Smith 
(8) who employed the corresponding crystalline salts. 

Toxicity in cats. 1. HN2-HCI. The lowest intravenous dose of HN2-HC1 
which caused immediate effects in intact animals was 0.02 mM./kgm. (table 2). 
Within 10 minutes after such doses there appeared licking, retching, vomiting, 
salivation, and frequent, loose stools. Larger doses produced the above signs 
more rapidly and, in addition, a characteristic neurological disturbance which 
began within 20 to 30 minutes. Initially the disturbance was indicated by an 
inability to support the head; this was followed by a progressive paralysis of 
the entire somatic musculature. The advancing paralysis was associated with 
gross incoordination, asynergia, kinetic tremor, and dilated pupils which re- 
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sponded sluggishly to light. Coincidently there occurred profuse and sustained 
salivation. The paralysis became maximal within 1 to 2 hours after adminis- 
tration and, thereafter, the animal was prostrate mailing only abortive move- 
ments. Knee-jerks remained active throughout paralysis and no signs of mus- 
cular fasciculation or specific disturbance of the placing or righting reflexes was 
evident. Cats receiving 0.02 mM./kgm. were not paralyzed and succumbed 
after several days, following progressive weight loss. Convulsions were noted in 
only 1 cat on the day after administration of 0.02 mM./kgm. 

2. Chlorimine. Chlorimine produced effects differing from those of HN2 ■ HC1 
only insofar as its intravenous administration in doses of 0.01 mM./kgm. or more 
was followed immediately by complete paralysis. During the resulting prostra- 
tion the skeletal musculature was flaccid and showed widespread fasciculations. 
Attending the initial paralysis was a brief period of salivation, pupillary dilata- 
tion, and bradycardia. Although respiration was stimulated during injection of 
the chlorimine larger do3es were followed promptly by fatal respiratory paralysis. 
Cats surviving acute effects recovered rapidly and within 5 to 10 minutes walked 
about in apparently normal fashion. 

Subsequently, at approximately 15 minutes after injection of 0.02 mM./kgm. 
or more of the chlorimine, there developed a second paralysis duplicating in 
detail that seen after injection of the hydrochloride salt. Inability to support 
the head was followed by ataxia, incoordination, nsynergia, some hypermetria, 
and a progressive muscular weakness which reached a maximum in about 30 
minutes. The delayed paralysis was associated with copious and prolonged 
salivation and pupillary dilatation. Although improvement of the neurological 
disturbance occurred, animals succumbed within 18 hours. 

The effects of chlorimine differed from those of HN2 • HC1 principally in regard 
to the production by the former agent of two clearly separable paralytic dis- 
turbances. The chlorimine also caused less retching, vomiting, loose stools, 
blepharospasm, and ear flicking. 

3. liydroxyiminc. Within a few minutes after the injection of liydroxyimine 
cats exhibited a neurologic disturbance which resembled in all respects the 
delayed paralysis and incoordination following HN2-HC1 or its chlorimine. 
However, severe paralysis followed doses as small as 0.0025 mM./kgm. and con- 
sequently the agent proved to be more toxic than either HN2 or chlorimine. 
Maximal paralysis was obtained from 30 to 40 minutes after administration and 
was often associated with respiratory arrest. No skeletal muscle fasciculations 
were noted and salivation was scant in contrast to the copious flow which fol- 
lowed HN2-HC1 or its chlorimine. Such animals were similar in appearance to 
those reported by Evans and Foss (6) after administration of a 24-hour, unbuf- 
fered, aqueous hydrolysate of HN2. These investigators in comparisons of the 
hydrolysate in monkeys, guinea pigs, rats, goats, dogs, cats and a horse found 
the cat to be most sensitive to its effects while the rat and guinea pig were rela- 
tively resistant. The hydrolysate consisted in large part of the chlorhydrin of 
HN2, the effects of which may be attributed to conversion in vivo to the hy- 
droxyimine form. 
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Administration of hydroxyimine to cats also caused frequent, loose stools 
for several hours after injection. Cats which survived the paralytic effect of 
the hydroxyimine appeared normal on the following day and delayed deaths 
were not observed. 

It is interesting to compare the acute actions of HN2 and its transformation 
products in cats with those noted by Gilman, Goodman, and Philips (7, 13). 
These workers observed parasympathomimetic effects in rabbits within 5 to 10 
minutes after the injection of HN2-HC1 which included salivation, defecation, 
lachrymation, bronchorrhea, and miosis. In addition skeletal muscle tremors 
and a rise in blood pressure followed intravenous administration in the atro- 
pinized cat. Such actions were attributed to muscarinic and nicotinic proper- 
ties of HN2. It was also noted that chlorimine in rabbits was at least as toxic 
as the parent compound, evoked parasympathomimetic effects, caused im- 
mediate, transient, unexplained prostration, and produced delayed paralysis. 



Fig. 1. Carotid blood pressure of cat. A — Vagal stimulation 5 sec., 11:39. B — Acetyl- 
choline, 0.1 ngm./kgm., i.v., 11:43. C — HN2-HCl,0.01 mM./kgm., i.v., 11:49. D — Acetyl- 
choline, 0.1 ngm./kgm., i.v., 11:54. E — Vagal stimulation, 5 sec., 11:59. Time interval 10 
seconds. 

Hydroxyimine was found to be less toxic than HN2 • IICl and less cholinergic 
than the chlorimine but was strongly paralytic. Large doses of HN2 • HC1 were 
shown to be convulsant in rabbits, an action not evoked by equivalent doses of 
chlorimine or hydroxyimine. 

The present study is in agreement with the results obtained in the earlier 
observations mentioned above. However, in the cat miosis did not follow in- 
travenous administration of HN2 or its transformed products and muscular 
fasciculations were evident only after injection of chlorimine. The coarse tremor 
which accompanied the delayed paralysis and incoordination involved whole 
muscle groups and was probably central in origin. 

Effects on blood pressure. 1. HN2-HCI. Goodman and Gilman (3) and Foss 
and Gaddum (5) found that HN2-HC1 caused a fall in blood pressure following 
intravenous administration, an action which was abolished by atropine and 
replaced by a rise after larger doses. Both groups considered HN2 to have 
muscarinic and nicotinic effects upon the circulation. 

Figure 1 shows the fall in blood pressure following 0.01 mM./kgm. of HN2 • HC1 
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intra\ cnou^ly The responses to \ agal stimulation and to injected acetylcholine 
were not significantly alteied by this dose Larger amounts (0 02 mM /Lgm ) 
abolished the circulator} response to “\agal stimulation but had no significant 
effect on icsponses to injected acetylcholine or epinephime The vagal blocking 
action of IIX2 is less striking than that of tns 2 chloroethyl annne (14) No 
tachyphylaxis became eudent after repeated doses of HN2 
2 Chlonmine Wien gi\ en intravenously' chlonmine caused l esponses similar 
to those following HX2 HC1 but pio\cd to be moie potent than the parent 
amme Thus 0 002 mM /kgm was depressor while 0 01 mM /kgm caused 
pie&soi lcspon^es without the pilot admimstiation of atropine Figure 2 shows 



Tig 2 Carotid blood pressure of spinal cat Transection C 6-7 Receded atropine, 2 
rngm /kgm , iv A— Chlonmine, 0 01 mM /kgm iv, 1105, Dibenamme HC1, 10 
mgm /kgm , i v , 11 23 B — Chlonmine, 0 01 mM /kgm , l \ , 11 40 Time interval 10 
seconds 


a rise in blood pressure following the mtraaenous injection of 0 01 mM /kgm of 
chlonmine in a cat w hich after a spinal transection at C 6-7 had received 2 mgm / 
kgm of atropine The administration of dibenamme, an adrenergic blocking 
agent (15), abolished the piessoi response In a lew of these lesults and the fact 
that respiration was not depressed, the \asopiessor action can be attributed to 
stimulation of sympathetic ganglia 

Large doses of chlorimme abolished the circulatory response to vagal stimula 
tion The agent also elicited transient bradycardia and \arymg degrees of 
heart-block as noted in electiocardiogiaphic recordings The cardiac effects 
weie pre\ented by prior admimstiation of atropine 

3 Hydroxyimine Intravenous injection of hydroxyimine caused cholinergic 
effects which resembled those elicited by' HN2 or chlonmine However, larger 
doses were requned foi a grv en response Doses of 0 02 mM Agn* "ore depres- 
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sor in the absence of atropine but elevated blood pressure in cats previously 
treated with atropine (figure 3). 

Nictitating membrane. Since the pressor effects of HN2, chlorimine, and 
hydroxyimine indicated stimulation of sympathetic ganglia by these agents, 
experiments were performed using responses of the cat nictitating membrane to 



Fig. 3. Carotid blood pressure of cat. A — Hydroxyimine, 0.02 mM./kgm., i.v., 3:23; 
Atropine sulfate, 2 mgm./kgm , i.v., 3:57. B — Hydroximinc, 0.02 mM./kgm., i.v., 4:00. 
Time interval 10 seconds. 



A B 

Fig. 4. Isotonic recording of nictitating membrane of cat. Received atropine, 1 
mgm./kgm. A— Chlorimine, 0.02 mM./kgm., injected into common carotid artery of same 
side. B— Stimulation of cervical sympathetic trunk 2 minutes after A. 

test their actions on the superior cervical ganglion. Figure 4 shows the con- 
traction of the membrane resulting from injection of chlorimine in the common 
carotid artery. Crushing the superior cervical ganglion abolished this response. 
No ganglionic blocking effect of chlorimine was evident as judged by equal 
responses to preganglionic stimulation before and immediately after administra- 
tion. While the effects of hydroxyimine were sim ilar in this system, it proved to 
be less potent than chlorimine. 
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Effects on scilnaiion Intra\cnous administration of IIN2 or chloumme in 
unancsthctizcd cats caused an immediate salivation of buef duiation followed 
after an mter\ al of 10 to 15 minutes b> a second period of copious and piolonged 
flow In 1943 Toss and Gaddum (5) noted piotracted salivation follow mg intra- 
venous injection of HN2 They dso lepoitcd the prevention of this lesponse by 
the prior admmistiation of atropine and the fact that situation could not be 
arrested, once initiated, by subsequent admmistiation of ati opine 
To imestigate this action, furthei experiments were pel formed on cats m 
which the duct of the submaxillar} gland wascannulated Intra aitenal mjee- 


TOTAL 

DROPS 

SAUVA 



Iir 5 Salivary flow from right submnxillary gland of cat Right superior cervical 
ginghon removed At 0 time 0 02 mM /kgm of chlonminc injected into rt common 
carotid artery Note that there was no flow between 3 and 17 minutes after injection 
Insert show s tvpical response to the intra carotid injection of 10 jigm /kgm of acctj Icholmc 


tion of HN2 evoked a unique and discontinuous lesponse (figuie 5) An lm 
mediate secretion of saliva was followed by a penod of about 5 minutes during 
which there was no flow At the end of the inactive period salivation was 
resumed and gradually attained a maximal rate at which it continued for houis 
Saliv ary stimulation w as, therefore, separable into tw o distinct phases the first of 
which resembled responses to injection of acetylcholine "When atropme was 
administered pnor to HN2 or chlonmme, salivation was completely prevented 
However, when atropme (2 mgm /kgm ) was given by intracarotid injection 
after the initial appearance of salivation, even as early as in the mtenm between 
the two phases of salivation, it failed to alter the delayed response 
Although IIN2, in high concentrations, lias been shown to inhibit cholines 
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terase in vitro (16, 17), this not the mechanism responsible for the protracted 
salivary stimulation. The submaxillary glands used in these experiments were 
tested for cholinesterase activity after the administration of HN2 and its trans- 
formed products in vivo. The mean activity of 17 experimental glands (102.5 
cmm. COi/30 minutes) did not differ significantly from the controls (108.4 
emm. CO 2 / 3 O minutes). Furthermore, atropine counteracts salivary response 
to anti-cholinesterase agents irrespective of the order in, which it is given in 
contrast to the fact that it is ineffective when administered after HN2 or its 
chlorimine. 

The unique action of HN2 and chlorimine on the salivary gland suggested the 
possibility that chemical alterations were involved in the diphasic response. 
Varying doses of the hydroxyimine were, therefore, injected in an attempt to 
reduplicate the prolonged salivary flow which followed HN2 or chlorimine. 
However, the response to hydroxyimine consisted only of a brief burst of saliva- 



Fig. 6 . Isometric recording of cat gastrocnemius-soleus preparation. Stimulation of 
sciatic nerve with maximal condensor discharges at frequency 1/12 seconds. At arrow 
intravenous injection of 0.02 mM./kgm. of chlorimine. 

tion. Sustained flow was never observed. This response was also prevented 
by atropine. 

Since HN2 and its transformed products caused stimulation of sympathetic 
ganglia, the possibility remained that at least some of the effects upon the 
salivary gland might be mediated through this mechanism. However, removal 
of the ipsilateral superior cervical ganglion did not alter the response of the sub- 
maxillary gland to HN2. 

Paralytic (fleets. I. Chlorimine. In order to investigate further the acute 
paralysis caused by clilorimine, experiments were performed on intact gas- 
trocnemius-soleus preparations of the cat. Figure 0 is an example of the de- 
pressed response to maximal motor nerve stimuli which followed 0.02 mM./kgm. 
intravenously. Rapid recovery ensued and, thereafter, the contractile response 
remained normal for hours. During the period of severe depression of the 
response to indirect stimulation, the muscle still responded well to direct stimula- 
tion. At the same time the contractile response to close intra-arterial injection 
of acetylcholine was abolished. Recovery of responses to both acetylcholine 
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and motor nerve stimulation occurred simultaneously. When chlorimine was 
injected intraarterially, repetitive, asynchronous contractions could be demon- 
strated for 1 to 2 minutes before depression of the responses to indirect stimula- 
tion ensued. 

While the transient depression of contraction can be related to the immediate 
prostration noted in intact cats receiving chlorimine, there was no effect upon 
the nerve-muscle preparation which could account for the delayed paralysis 
which follows the administration of either HN2 or chlorimine in intact animals. 
The above results are in accord with those of Brown (18) who noted a block in 
neuromuscular transmission in the frog nerve-sartorius preparation following 
exposure to HN2 or chlorimine. It is probable that the neuromuscular block 
which he observed following exposure to HN2 was due to its transformation to 
chlorimine in the organ bath. In the intact cat HN2*HC1 failed to produce an 
immediate paralysis even following large doses. This may be ascribed to the 
failure of chlorimine formed in vivo from HN2 to attain paralytic concentrations 
in the circulation. 

2. Hydroxyiminc . In contrast to the immediate effect of chlorimine, even 
massive doses of hydroxyimine, given intravenously or intra-arterially, caused no 
depression of responses to maximal single motor nerve shocks or to tetanizing 
currents (frequency CO/sec.) of maximal intensity. Evans and Foss (6) noted 
that 24-hour unbuffered aqueous hydrolysates of HN2, which cause a paralytic 
disorder similar to that produced by hydroxyimine, had no effect on the contrac- 
tion of the cat quadriceps following stimulation of the femoral nerve when 
intravenous doses as large as 40 mgm./kgm. had been given. In contrast, 
0.5 mgm./kgm. caused definite paralysis in the intact animal. These investiga- 
tors also found that 24-hour hydrolysates failed to depress spinal reflexes as 
judged by knee-jerks mechanically recorded in spinal cats. They did, however, 
note some decrease in the rigidity of decerebrate cats following administration of 
this agent. While the site and nature of the effect of hydroxyimine remains 
obscure, the paralysis is clearly not due to an action either at the neuromuscular 
junction or in the contractile mechanism of muscle. 

Intestinal motility. HN2, chlorimine, and hydroxyimine caused stimulation 
of the isolated rabbit and guinea pig duodenum. The responses were prevented 
by adequate concentrations of atropine. Similar findings were reported by 
Foss and Gaddum (5) with rabbit duodenum and afford further evidence of the 
cholinergic effects of HN2 and its transformations. However, in the intact 
animal atropine had little effect on the diarrhea resultant from HN2 administra- 
tion (5). 

Discussion. Several groups of investigators have related the biological effects 
of nitrogen mustards to their known chemical transformations, (7, 8). HN2, 
as the prototype of this group of compounds may be considered to owe its varied 
and multiphasic pharmacologic effects to the production of a succession of such 
transformed products in vivo . 

The acute pharmacology of HN2 is characterized by the cholinergic actions 
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of its two cyclic imonium transformation products and by a neurologic disorder 
produced by the latter of these products. Thus, the effects of the chlorimine of 
HN2 are manifested by cholinergic effectors of the autonomic nervous system, 
sympathetic ganglia, and skeletal muscle. In these loci the resultant stimulation 
or depression is a transient phenomenon, resembling the effects produced by 
certain choline esters. There is no evidence in the intact animal relating cholin- 
ergic actions to inhibition of cholinesterase. As noted by Foss and Gaddum 
(5) and confirmed in the present study, HN2 does not sensitize the animals to 
the circulatory effects of acetylcholine. However, Foss and Gaddum did find 
that doses of HN2, insufficient to stimulate the frog rectus preparation, sensi- 
tized the muscle to subsequent application of acetylcholine, an effect which 
they attributed to an eserine-like action. Nevertheless, the present study failed 
to reveal an inhibition of cholinesterase in submaxillary tissue of animals which 
had received doses of either HN2 or chlorimine sufficient to cause prolonged 
salivation. Furthermore, Feldberg (19) noted that concentrations of HN2 suf- 
ficient to reduce cholinesterase activity had an equally depressant effect upon 
acetylcholine synthesis. 

As a cholinergic agent chlorimine is unique in causing a diphasic response of 
salivary tissue and in the failure of atropine to abolish salivation, once initiated. 
In contrast to other cholinergic effectors, salivary gland shows a strong affinity 
for chlorimine which could be conceived to undergo chemical transformation at 
this site and so evoke the secondary phase of salivary secretion. The latency 
between completion of the initial secretory response and initiation of the delayed 
phase might be due to the time required for such transformation to occur in vivo. 
The fact that the second response occurs coincidently with the onset of the de- 
layed neurologic disorder in intact cats suggests this possibility. However, 
since protracted salivation cannot be duplicated by injection of hydroxyimine, 

;t is difficult to eliminate the alternative possibility that the secondary phase of 
salivary stimulation represents a delayed response to an interaction with certain 
receptors which occurs at the time of the initial stimulation. In either case, the 
fact that prior administration of atropine prevents salivary response to chlori- 
mine, suggests that the effects of the agent can be attributed to interactions 
with cholinergic receptors. However, it should be noted that Foss and Gaddum 
(5) attribute the delayed salivary response to a direct action of HN2 on glandular 
cells not mediated through receptor mechanisms. Obviously the mechanism of 
action of HN2 or chlorimine in salivary gland is obscure and warrants further 
study. 

The paralytic actions of chlorimine also consist of an initial and a delayed 
phase. The former is clearly due to an action upon the neuromuscular junction, 
possibly related to the quartemary onium structure of chlorimine, while the 
latter is part of a complex neurologic disorder which is central in action. Thus, 
the two paralytic responses to chlorimine are related to different sites of action. 
Although the delayed neurologic disorder has not been localized, it may be 
defined as a disturbance of the motor system manifested by incoordination, 



ACUTE PHARAIAC0L0G1 OF HN2 


143 


asyuergia, progressive muscular weakness with loss of postural tone, and without 
apparent involvement of the vestibulo cerebellar system or of the spinal reflex 
arc Since animals which survive severe paraljsis are normal on the following 
day, the disorder is probably functional rather than due to anatomic lesions 

The delayed neurological abnormality which follows large doses of HN2 or 
chlonmme in the cat may be attributed to the production in vivo of h> droxyiminc 
for the following reasons 1, it is manifested by administration of smaller doses 
of hydroxyimine than of HN2 orchlorimine,2, a latency exists between adminis- 
tration of HN2 HC1 or chlonmme and the production of the syndrome which 
may be explained by the time required for transformation to occur xn t uo, and 3, 
the latent period before onset of the neurological disorder is significantly reduced 
by administration of hydroxyimine The greater potency of hydroxyimine m 
producing the disturbance may be explained by assuming that only a fraction of 
injected HN2 HC1 or chlonmme is transformed to circulating hydroxyimine 
The neurological derangement is the most striking action of hydroxyimine and is 
probably its only significant contribution to the pharmacologic effects of even 
large amounts of HN2 HC1 in the intact animal It is interesting to note a 
marked species difference between the cat and rat in susceptibility to this action 

SUMMARY 

1 The acute pharmacology of methyl-fas (2 chloroethyl) amine (HN2) has 
been investigated m rats and cats A standard procedure for transformation of 
HN2 was adopted which permitted the analysis of the effects of methyl-2- 
chloroethyl-ethylemmonium (chlonmme), and methyl-2-hydroxyethyl- 
ethylemmomum (hydroxyimine) The toxicity of these products by intravenous 
administration has been compared m cats and rats 

2 The chlonmme of HN2 possesses striking cholinergic properties on effectors 
of the autonomic nervous system, sympathetic ganglia, and striated muscle 
It has a unique action upon the salivary gland producing a diphasic response 
which is prevented by the pnor administration of atropine but which is not 
altered when atropme is given after secretion has begun 

3 The hydroxyimine of HN2 is a less potent cholinergic agent and its principal 
effect is m the production of a neurologic disorder characterized by ataxia, 
mcoordmation, tremors, and muscular weakness 
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NICOTINE IN BLOOD IN RELATION TO SMOKING 1 
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Information concerning the amount of nicotine in the blood of smokers is 
necessary for a stud}' of the metabolism of this alkaloid m man Quantitative 
data are available on nicotine absorbed from cigarette smoke in the respiratory 
tract (1) The quantity of nicotine excreted m the urine has been determined 
for smokers (2, 3) Other investigators have reported nicotine levels in milk 
from lactating women who smoked cigarettes (4, 5) Preliminary observations 
on nicotine levels m blood during smoking, reported elsewhere (G) have been 
repeated with a more trustworthy analytical method (7) The new data pre- 
sented in this paper show that relatively little nicotine is present in the blood 
even after long periods of heavy smoking 

Experimental All subjects m this stud} were healthy adults between the ages of 
twenty and thirty years, who, except for the slight inhaler group, habitually smoked 
twenty or more cigarettes daily In order to keep the analytical “blank” (7) at a minimum 
value, the subject abstained from fish and from foods or beverages rich in purines for two 
days preceding the test The subject smoked freely until late evening of the day pre 
ceding the test On the morning of the test the initial blood sample was drawn by veni 
puncture before smoking began During the next seven hours the subject smoked twenty 
standard brand cigarettes, about two thirds of each cigarette being smoked during a ten- 
minute period Subjects were classified as deep, moderate, and slight inhalers Cigars 
were smoked in one experiment and a pipe in another for a comparison with cigarettes 

Nicotine analyses (7) A distillate from alkalimzed trichloroacetic acid filtrate of blood 
was treated with cyanogen bromide-beta naphthylamine reagents for estimating nicotine 
The resulting color due to nicotine plus ‘ blank material” was read in the spectropho 
tometer A second aliquot of blood filtrate was treated with an activated carbon which 
selectively removed the nicotine The distillate from this aliquot gave the amount of 
“blank material”, and the difference between the two values was calculated as nicotine 

The range of nicotine levels m the blood before and after smoking cigarettes 
is shown for fifteen subjects in table 1 Two striking results are noted The 
initial blood sample from each subject contained some nicotine or a nicotine like 
substance eight to ten hours after the last cigarette Secondly, the nicotine level 
in the blood shows only a slight increase, from 0 to 0 13 mgm /I , over a seven 
hour period of heavy smoking These data cannot be treated by statistical 
methods because of the small number of subjects m each group and the large 
overlap of nicotine values However, there appears to be a significant differ- 
ence between the deep inhalers and slight inhalers The former show an aver- 

1 A preliminary report of this study was made before the American Society of Pharma 
cology and Experimental Therapeutics, Chicago Meeting, May, 1947 

This study was made possible by a grant from the Medical Relations Division, William 
Esty and Co , Inc , New York, N Y 
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age initial concentration of 0.20 mgm./h of nicotine or nicotine-like substances, 
while the latter average 0.05 mgm./I. The deep inhalers tend to show a larger 
increase in blood nicotine on smoking than do the slight inhalers. 

TABLE 1 


Nicotine levels in blood 


SUBJECT 

NICOTINE IN BLOOD (UGII./L.) 

Before smoking 

After smoking 

Increase 

1 (D)* 

0.12 

0.25 

0.13 

2 (D) 

0.16 

0.18 

0.02 

3 (D) 

0.35 

0.43 

O.OS 

4 (D) 

0.18 

0.26 

0.08 

5 (M)f 

0.16 

0.16 

0 

6 (M) 

0.04 

0.06 

0.02 

7 (M) 

0.10 

0.14 

0.04 

S (M) 

0.14 

0.18 

0.04 

9 (M) 

0.19 

0.21 

0.02 

10 (M) 

0.12 

0.12 

0 

11 (M) 

0.08 

0.13 

0.05 


0.07 

O.OS 

0.01 

13 (S)t 

0.06 

0.13 

0.07 

14 (S) 

0.07 

O.OS 

0.01 

15 (S) 

0.02 

0.07 

0.05 


* D — Deep inhalation, 
t M — Moderate inhalation. 
% S — Slight inhalation. 


TABLE 2 

Nicotine levels in blood 


SUBJECT 

NICOTINE IN BLOOD (UCIT./L.) 

Before smoking 

After smoking 

Increase 

4* 

0.02 

0.07 

0.05 

16* 

0.12 

0.20 

0.08 

17 f 

0.19 

0.20 

0.01 

19t 

o 

0.02 

0.02 

20f 

0 

0.09 

0.09 

21t 

0 

0 

0 

13t 

0 

0.05 

0.05 


* Pipe smoked, 
t Cigar smoked. 


Nicotine levels in blood before and after seven hours of pipe or cigar smoking 
are shown in table 2. These subjects were cigarette smokers who changed to a 
pipe or to cigars for the test. Each subject tried to make his smoking with the 
pipe or cigar equivalent to smoking one pack of cigarettes in the same period. 
Although strict quantitative comparisons are not justified, it may be noted that 
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all the nicotine levels m this gioup fall in the simo innge touncl with cigaicttc 
^mokcis One subject, No 4, showed a blood imotinc met case of 0 08 mgm /l 
on smoking cigtucttes and 0 05 on smoking a pipe Anothrr subject, No 13, a 
slight mhalci, showed a rise of 0 07 mgm /I with cigarettes and 0 05 mgm /I 
with cigars 1 hose lesults suggest that blood nicotine If \ els show similai uses 
undci the same conditions of smoking by the same subject whethei a cigarette, 
cigai , oi pipe is smoked 

In an attempt to identify the material estimated as nicotine, filtiates from 
blood of smokcis weie concentrated by distillation and the final solution tested 


CAT 2 9 

Sodium 


l<9"i carotid 8 P. 
PE/VTOTHAL 



O 51! mj pure — 5~0 

A/<ro fine 





'T 


0.5$ /Vtcoi/oe 

Smok'r, B)ooA 


Tig 1 Efplct on Biood Pressirf n\ Ptni Nicotinp and m Isicotine Isoiated trom 
Smoki ns’ Biood 


foi its effe< t on the blood pressuie of a cat * The final concentiate, which lepre- 
sented neaily tlnee liters of blood, was adjusted to pH 7 3 with hydrochloric 
acid before injection The blood pressuie tracings, shown in fig 1, weie made 
with a meicuiy manometei in the caiotid artery of a cat anesthetised with so- 
dium pentothal With the injection of 0 58 mgm of pure nicotine m saline so- 
lution, the blood piessure showed a small rise, a small diop, and a sudden rise of 
80 mm meicuiy piessuie, then a return to noimal in about three min- 
utes When 0 58 mgm nicotine isolated fiom the blood of smokei s w as injected 
into the same cat, the blood pressuie showed essentially the same changes as 
with the puie nicotine, an initial use, a small drop, and a shaip rise of 84 mm 
m piessuie This result indicates that nicotine from smokei s blood shows both 

2 Test m ulc b> Mr Russell B irncs 
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a qualitative and quantitative effect on blood pressure identical to that shown 
by pure nicotine. 

Comments. All the data presented here suggest a rather efficient mechanism 
for disposing of nicotine absorbed from tobacco smoke. It may be assumed that 
some GO mgm. of nicotine is absorbed from the smoke of twenty cigarettes (1). 
Were this quantity of alkaloid equally distributed through all water in the body, 
its concentration would be 1.0 to 1.5 mgm./l. for subjects used in this study. 
Were the entire dose of nicotine retained in the blood stream, its concentration 
would exceed 10 mgm./l. The concentration of nicotine actually determined in 
blood at the end of the smoking period averaged 0.14 mgm./l. lor twenty sub- 
jects. In view of the fact that nicotine appears to be freely diffusible across 
body membranes, we accept blood levels as an indication of the quantify of nic- 
otine present in extra vascular fluids or tissues. We may conclude that SO to 95 
per cent of the nicotine absorbed from smoke is metabolized during the period 
of smoking. A similar conclusion has been reached from studies on renal ex- 
cretion of nicotine by smokers (2, 3). 

The presence of nicotine in the initial blood sample drawn at the end of a 
period of eight or ten hours without smoking suggests that trace amounts of the 
alkaloid are metabolized or excreted very slowly. In contrast, there appears to 
be a much more rapid rate of metabolism with the larger doses of nicotine ab- 
sorbed during smoking. 


SUMMARY 

Nicotine levels in the blood of smokers have been determined by a chemical 
method. Subjects who inhale deeply tend to show higher concentrations than 
do slight inhalers. Nicotine isolated from smokers’ blood gave the expected 
effect on the blood pressure of a cat. 
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BIATROPINE DERIVATIVES AS PROOF THAT d-TUBOCURARINE IS 
A BLOCKING MOIETY CONTAINING TWIN ATROPINE- 
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Measurements on atomic models of acetylcholine and other drugs with specific 
muscarinic action have shown that these agents contain two or three oxygen pi os- 
thetic groups 2 at a distance of 5 to 9 A from one or more methyl on nitrogen pros- 
thetic groups (I). Drugs which block the action of acetylcholine contain in 
addition to these prosthetic groups blocking or neutralizing moieties such as one 
or more butyl, or benzyl groups, or a benzohydryl group. Atropine is an ex- 
tremely potent blocking agent for acetylcholine insofar as muscarinic effects are 
concerned. Its potency in blocking nicotinic effects of acetylcholine (on au- 
tonomic ganglia and on skeletal muscle) is extremely low. In contrast, d- 
tubocurarine blocks effectively the action of acetylcholine and other nicotinic 
agents on the skeletal muscle while it exerts little effect on autonomic ganglia, 
smooth muscle, or glandular cells. In an attempt to correlate spatial relation- 
ship of prosthetic groups to drug action, it was of interest to obtain inter-atomic 
measurements for the active groups of d-tubocurarine. 

Using Hirschfelder atomic models the distance between the methyl on ring 
nitrogen and the three oxygen groups on the same hydrogenated quinoline ring 
of d-tubocurarine is within a radius of 5 to 9 A (this is in accord with the linear 
measurements between the prosthetic groups of acetylcholine). The two groups 
of oxygen atoms in d-tubocurarine average 9 A in their distance from each other 
and the nitrogens are 13 to 15 A apart. d-Tubocurarine, thus, resembles atropine 
in the “umbrella-structure” and the spatial arrangement of three oxygen groups 
to methyl on nitrogen. It differs from atropine in that it contains twin rows of 
these prosthetic groups instead of a single row. Hence, it would appear that 
the arrangement of twin rows of prosthetic groups is an important factor in 
endowing the molecule with its specific action on the neuromyal junction. 

This hypothesis has been tested by a study of atropine and atropine-like 
homologues which have been joined together by a chain of approximately 9 A in 
length such as is provided by the normal amyl chain (Bovet el al. have shown that 
such amyl diethers have curare action 12]). In making amyl bis molecules of 
atropine and the quaternary salt of atropine two derivatives have been con- 
sidered: 1) the dimethiodide of the amyl diether of atropine where two atropine 
molecules are joined through the tropic acid hydroxyl groups, and 2) the amyl 
di-quaternary compounds synthesized by connecting two atropine mole- 

1 Roche Fellow in Pharmacology. 

1 In acetylcholine, a methyl on carbon prosthetic group substitutes for the third oxygen 
prosthetic group while in neostigmine methyl on nitrogen substitutes for the third oxygen. 
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cules through the tertiary nitrogen with pentamethylene di-iodide (figure 1). 
Through the unfailing energies of Dr. L. C. Cheney of Bristol Laboratories we 


O-Amyl-O-Diatropine Dimethiodide 




N-Amyl-N-Diatropine Dimethiodide 
Fig. 1. Structural Formulae of Diatropines 

have been provided with these two compounds and similar “alkyl-bis” deriv- 
atives of other compounds with atropine-like activity. These are now being 
studied intensively for their possible practical value. Dibenadryl N-Amyl-N 
di-iodide was synthesized by Dr. G. Rievesch 1, Jr., of Parke, Davis and Company. 
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The dibenadryl derivative was included because of the known atropine-like ac- 
tion of diphenhydramine (Benadryl) (3). That the findings are distinctly in 
accord with this hypothesis is shown by the data in table 1. 

The compounds were studied for curare-like activity by standardized methods (4). 
The presence of block at the neuromyal junction was determined by muscular and sciatic 
nerve faradization in frogs following lymph sac injection. The lethal dose in frogs was 


TABLE 1 

Kelatirc curarcdike effect of atropine and dialropine derivatives 

. Z.L . 

Death 

1000 

>200 

30 

200 

20 

>10 

* All doses arc in mgm./kgra. 

t This dose causes head drop followed by lethal convulsions. 


Atropine sul 

fate 

Atropine 

Methyl 

Nitrate 

(Eumy- 

drin) 

Dibenadryl 
N-Amyl- 
N Diio 

dide 

Diatropine 
N-Amyl- 
N Diio 

dide 

Diatropinc 

O-Amyl-O 

Dimethio 

dide 

d-Tubocura- 
rine Chlo 
ride 


UOL. 

WT, 

house r.v. 

sab eit 
x.v. 

HEAD 

DSOP 

LD*» 

Slope 

HDw 

Slope 

G94 

95.00 ± 6.2 

b = 8.7 



rot 

366 

11.23 * 0.89 

b = 9.1 

5.46 =b 0.44 

b = 8.9 

8.5 

834 

4.8 ± 0.24 

b - 13 



1.25 

902 

1.23 ± 0.7 

b - 12 



0.350 

929 

0.79 d= 0.03 

b = 19.3 

0.58 ± 0.03 

b = 12 

0.325 

695 

0.136 i 0-003 

b = 16.9 

0.078 ± 0.002 

b = 14.6 

0.150 


Periph- 

eral 

paral- 

ysis 


1000 


40 


30 


determined in order to obtain some measurement of reversibility of the action on the neu~ 
romyal junction. The minimum dose causing head -drop (HD) in rabbits was determined 
by single intravenous infusions over a ninety -second period. Acute toxicity was studied 
in mice by intravenous injection at a rate of 0.1 cc. per 5 seconds of a suitable concentration 
of each drug so that a lethal dose was contained in 0.2 to 0.4 cc. The LD#o was calculated 
according to the method of Litchfield and Fertig (5). Mice succumbing to the various 
compounds apparently died of respiratory failure, in a manner similar to or identical with 
that observed with d-tubocurarine chloride. The margin of safety for the mouse was 
calculated by the ratio: LD jo/HD jo! 

Results. The curare-like action is markedly enhanced by the twinning of 
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quaternary atropine molecules through an amyl chain. Compared to atropine 
methylnitrate (eumydrin), both di-atropine compounds are about twenty-five 
times more effective when tested on rabbits, and about ten times more potent 
in mice. They show a less marked increase in potency in the frog. d-Tubo- 
curarine chloride, however, is approximately 2 to 2.5 times more effective in 
rabbits than either di-atropine derivative. 

Both di-atropine compounds exhibited a marked degree of specificity in their 
curarizing effects, as evidenced by the reversibility of their effects in frogs and 
rabbits. The ratio between curarizing dose (HD 6 d) and lethal dose (LD 50 ) for 
di-atropine O-amyl-O dimethiodide in mice is 1.36 compared to 1.74. for d-tubo- 
curarine and 2.06 for eumydrin. The effects of the di-atropine compounds in 
rabbits were of short duration, and the recovery from paralyzing doses was ma- 
terially aided by neostigmine. 

The results furthermore stress the importance of one or more quaternary N 
atoms for curare-like action of these compounds. The curarizing effects of atro- 
pine in intact animals (frogs and rabbits) could only be demonstrated with doses 
which are convulsively or otherwise fatal to the animals (see table I). In con- 
trast, the curarizing effects of eumydrin and the diatropines are reversible, and 
death in mammals is directly due to the paralyzing effect on the diaphragm. 
Furthermore, the non-quaternary diatropine O-amyl-O diether (not listed in the 
table) has indefinite curare-like action, when compared with diatropine 
O-amyl-O dimethiodide. 

Comment. The marked increase in curare-like action by twinning prosthetic 
groups in a blocking molecule confirms our prosthetic group analysis of the d- 
tubocurarine molecule. The anatomical implications of this study in regard to 
the striated muscle cell are extremely interesting. Smooth muscle, glands and 
heart muscle have the acetylcholine effect blocked by atropine with its single 
row of prosthetic groups but striated muscle is much more effectively blocked by 
blocking molecules containing twin rows of prosthetic groups when the mean 
distance between the oxygen atoms is 9 A. 

The recent studies of Barlow and Ing (6) and others (7, 8) on simple aliphatic 
di-quaternary diamines indicate that a chain length of Cio is optimal for curare- 
like action of the methylated diamines. These compounds are as potent as d- 
tubocurarine but are not antidoted by neostigmine. The diamines provide a 
distance of 15 A which is in agreement with our measurements on the d-tubo- 
curarine molecule where the distance between the nitrogens is 13 to 15 A. The 
ideal arrangement may thus diagramatically be depicted as in figure 2. Thus 
the Cjo chain should be used when the nitrogens are connected. Compounds 
with slight to moderate atropine action such as diphenhydramine have their 
toxicity increased and become curare-like when two molecules are connected by 
an amyl chain. This action should be more markedly enhanced if a Cio chain 
is used to link the two nitrogen atoms. Since the potent aliphatic diamines (6) 
contain no oxygen prosthetic groups and no blocking moieties (except the ali- 
phatic chain), the careful study of N-Cjo-N quaternary derivatives will decide 
between the relative importance of methyl on nitrogen prosthetic groups and 
the oxygen prosthetic groups. 
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These studies raise many interesting questions and speculations. Does the 
neuromyal junction of striated muscle have a front and back door of receptors, 
both of which must be blocked simultaneously? Does attachment of a single 
atropine or eumydrin molecule on the striated muscle cell oppose the acceptance 
of an adjacent atropine molecule? Does this signify that the three oxygen pros- 
thetic groups repel the similar groupings of an adjacent molecule? This might 
prevent two atropine or eumydrin molecules from occupying adjacent positions 
on the cell surface except with extremely high dosage when laws of mass action 
might operate rather than a possible adsorption phenomenon. From a teleo- 
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D-TUBOCURARINE 

Fig. 2. Diagrammatic Arrangement Which Depicts the Prosthetic Groups of 
Atropine and d-Tubocurarine 

The distance between the nitrogens in d-tubocurarine is 13 to 15 A 

logical viewpoint the omission of striated (voluntary) muscle from the blocking 
action of atropine-like compounds may indicate the possible existence (at one 
time at least) of an atropine-like controlling chemical in the body. For obvious 
reasons of “fright and flight” the voluntary muscles would of necessity 
be excepted. 

While these studies point to the future synthesis of practical curare substi- 
tutes, none of the presently studied compounds have been sufficiently evaluated 
to suggest their use clinically as substitutes for curare. Due to the widespread 
action of these compounds on the neuromyal junctions the respiratory depression 
produced by large doses militates against curare-like compounds having a thera- 
peutic index of more than two when the head drop dose is considered as the 
effective dose. 
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SUMMARY 

Diatropines, whether synthesized by quaternization through the nitrogen 
atoms or by connecting the tropic acid hydroxyl groups by an aliphatic chain, 
have a markedly increased curare-like potency which approaches that of d-tubo- 
curarine. Compounds with slight atropine-like activity become curare-like when 
two molecules are connected by an alkyl chain of suitable length. When the 
oxygen prosthetic groups are joined a chain of 9 A length should be used while 
a chain of 15 A length is probably optimal for joining the nitrogen atoms. 
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Arterenol, l-(3,4-dihydroxyphenyl)-2-aminoethnnol or noradrenaline, and 
epinephrine were both synthesized in 1904 by Stolz and Fliichcr (1), and Dakin 
(2) ; a few years later Flaeher succeeded in resolving epinephrine into its optical 
isomers (3). The study of the pharmacological actions of /- and d-epinephrine 
and related compounds disclosed the great biological importance of optical 
isomerism in the field of the sympathomimetic amines, and demonstrated that 
the /-isomers were responsible for most of the sympathomimetic activity of the 
racemic mixtures. Earlier studies with d, /-arterenol revealed that it has a 
stronger pressor action than d, /-epinephrine, and therefore /-arterenol was ex- 
pected to be more active than the knmvn sympathomimetic pressor agents. 
When one of the theories proposed for neurohumornl transmission of nerve 
impulses postulated the participation of /-arterenol, the importance of the latter 
was greatly increased. However, the studies on which this theory was based 
were carried out with the racemic compound since all attempts to separate the 
optical isomers were unsuccessful. When, in 1948, the resolution of arterenol 
was accomplished by Tullar (4) the long-sought /-isomer became available for 
pharmacological studies, and particularly for investigations of its role as a neuro- 
humornl agent and of its potential value in therapeutics. 

A preliminary report of the separation of the optical isomers of arterenol and 
a summary of a part of the pharmacologic results discussed here was recently 
published (5). 

Experimental paut. Blood Pressure, d, /-Arterenol has been reported to 
be more active than i-epineplirine on the pressor response of the chloralosed cat 
previously sensitized with cocaine and ergotamine (G). A related sympathomi- 
metic amine, Cobefrin (d, /-di-hydroxy -nor-ephedrine) has been found by 
Crismon and Tainter to be more active than both d, /-arterenol and /-epinephrine 
in stimulating the heart in the cat heart-lung preparation (7). 

Most of the estimations of the relative potency of the sympathomimetic 
amines have been based on their cardio-vascular effects, and on this function 
arterenol and not epinephrine is the more active agent. Schultz (8) reported 
that d, /-arterenol exceeded d, /-epinephrine in pressor potency in a proportion of 
1.5 to 1 on dogs under morphine-ether anesthesia. These results were confirmed 
by Barger and Dale (9) who found ratios of 1.25-1.5 to 1 and by Raymond- 
Hamet (10). On urethanized cats Tainter (11) calculated that d, /-arterenol 
was one-third more active than d, /-epinephrine. Recently West (12) confirmed 
this ratio using chloralosed cats. 

Method. The pressor potencies of isomers of arterenol were determined on dogs ancs- 
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thetized withpheDobarbifcal, ISOmgm.per kgm., intraporifconeally. Carotid blood pressure 
was recorded by means of a mercury manometer. All injections were made into the femoral 
vein. 

The BSP XIII assay procedure for epinephrine was used, modified to the extent that both 
the standard and the "unknown" drug were given at two levels, the lower being about two- 
thirds of the higher, and no attempt was made to "match" the responses exactly. The four 
doses were given in an order determined by a Latin square as suggested by Noel (13) so that 
the responses to four sets of doses were obtained on each dog. The 2-arterenol was in the 
form of the bitartrate monohydrate, the d-arterenol was the hydrochloride while the 2-epi- 
neplirine was the USP Reference Standard Epinephrine, which is the base. 2-Arterenol was 
assayed using 1-epinephrine as the standard while d-arterenol was assayed against its 
i -isomer . The relative potencies and the weighted average were caiculated by the methods 

TABLE 1 


Relative pressor potencies of l-arterenol, in terms of l-epinephrine, and d-arierenol, in 

terms of l-arterenol 

Each value represents an assay on a separate dog 


1 

Exrr. so. 

l ASIESSNOt* 1 

(f EPINEPHRINE “ IDO) 
PER CENT A Si, ] 

EXFT. SO. 

<i ARTERENOtf 
(t AMESENOI. — 100) 
PEE CENT =fc Si. 

i i 

128 ± 3 

7 

3.0 ±0.2 

2 

.186 A 8 ! 

8 

3.8 ±0.4 

3 

137 ± 7 

9 

3.9 ±0.3 

4 

i 161 ± 4 

10 J 

3.7 ±0.2 

5 

204 ± 15 

11 

3.7 ±0.3 

6 

j 223 ± 16 


■ 

1 

Weighted average : 

158 

: 

3.64 


* Injected as a solution of its bitartrate monohydrate salt and compared with an equi- 
molecular quantity of ESP Reference Standard Epinephrine. 

t Injected as a solution of its hydrochloride salt and compared with an equimoiecular 
quantity of 2-arterenol bitartrate monohydrate. 

described by Noel (13) and Miller, Bliss and Braun (14). Table I presents the results ob- 
tained on two groups of five dogs. 

The data in the left-hand column of table 1 indicate that on an equi-molecular 
basis, /-arterenol is approximately 1.58 times as potent a pressor agent as /-epi- 
nephrine in dogs anesthetized with phenobarbital; on a weight basis, the ratio 
is 1.70. The standard errors of the individual assays are relatively low indicating 
a consistency in the respective responses of each dog to the two compounds. 
However, this consistency is not observed in the data as a whole since the varia- 
tion from dog to dog is much greater than would be expected from the results 
on any one dog. The X s test for homogeneity of the individual ratios (14) 
reveals that such discrepancies would occur through normal sampling much less 
frequently than once in a thousand times. The variations are a reflection of the 
qualitative difference between /-arterenol and /-epinephrine in their effects on 
the eardio-vascular system of the dog. Because of the heterogeneity, the 
weighted average of 158 per cent must be regarded with considerable reserva- 
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turn, the stnndnid cnoi of this average, calculated without regard to the hetero- 
geneity, would be misleading and has been omitted 
In the light -hand half of table 1 similar data on the lelative potenej* of the two 
optical isomcis of aiterenol arc summarized for five dogs anesthetized with so- 
dium salts of Pentothal and baibital intia\cnously As these res fits indicate, 
J-artcienol is approximately 27 times more active than the d isomei and theiefoie 
is lesponsible foi piacticallj all of the pressoi activity of the racemic mixture 
It will be noted that the variation between dogs in the pressor latios of the two 
isomcis of artcrenol is much less than that observed between the two homologs, 
/-artcicnol and / epinephrine 



Studies were made on an atropmized, 10 kgm dog anesthetized with 150 mgm /hgm , 
of phcnobarbitnl intrapentoncally Between I and II a dose of S mgm /kgm of cocaine 
was injected subcutaneously 


The pressoi responses to equipiessor do^es of / epinephrine (1-2 microgm per 
hgm) and /- and rf-aiterenol differ somewhat in character In duration, the 
effect of /-epinephrine is the bnefest, / arterenol intermediate and (/-arterenol the 
longest, the mean ratios for the duiation of equivalent pressoi doses being in 
the latios of 1 , 1 5 2 1m dogs The duration of the pressor effect of d-epineph- 
unc has also been found to be longer than that of the levo form (15, 16) Pos- 
sibly this difference may be explained bj a slower inactivation of tf -aiterenol, 
due cithei to the huger dosage or to a lessei affinity of the mactiv ating enzymatic 
system for the “unnatmal" isomei 

Confinmng previous studies with racemic arterenol (Rajmond-Hamet, 10, 
Tamter 11) it was found that the subcutaneous injection of 8 mgm of cocaine 
hjdroclilonde pei hgm sensitized the piessor effects of /- and d artcienol Also 
in line with earlier ob^eivations on racemic arterenol and epinephime (11, 17), 
the sensitization to / aiterenol was greater thin to /-epinephrine (fig 1) oi d-ar 
teienol 
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As an exception among the catecholethylamines, the pressor effect of racemic 
arterenol is not reversed by ergotoxine (Barger and Dale (9)), yohimbine (Ray- 
mond-Hamet (8)) or 933 F (N-piperidino-methyl-benzodioxane) (17). We have 
found that 2 mgm. per kgm. i.v. of the latter reversed the pressor effect of 
/-epinephrine but only reduced the effect of /- and (/-arterenol. 

Action on the heart. A few experiments were carried out on dogs anesthetized 
with Sodium Pe ntothal (15 mgm. per kgm.) and sodium barbital (250 mgm. per 
kgm.) intravenously in which the cardiac activity was recorded with a Jackson 
myocardiograph attached to the ventricles. 

Cardiac acceleration and an increase in the amplitude of the contraction was 
observed with both /- and (/-arterenol. Doses of /-arterenol of 0.3-1. 0 microgm. 
per kgm. i.v., which produced increases in blood pressure of 20-50 mm. Hg, 
increased the cardiac amplitude from 40 to 300 per cent. The heart rate ac- 
celerated slightly with these doses in both normal and atropinized animals. 

Equipressor doses of /-arterenol, (/-arterenol and /-epinephrine had about the 
same quantitative effect on the amplitude of contraction (fig. 2). Crismon and 
Tainter have reported that (/, /-arterenol is more active than /-epinephrine on 
the heart rate of the cat heart-lung preparation (7). 

Perfused rabbit ear. The vasoconstrictor effect of /-arterenol was compared to 
that of d-arterenol and /-epinephrine on the perfused rabbit ear. The perfusion 
system was essentially that of Katz (19) as used by Holler to study the vaso- 
constrictor effect of cocaine (20). The ear artery is attached by a needle and 
rubber tubing to a vertical glass stand-pipe tube of 100 cm. height and 3 mm. 
internal diameter, with a funnel-like expansion blown at its upper end. From a 
Mariotte bottle, the perfusion fluid (Tyrode, at room temperature) falls dropwise 
into the upper end of the standpipe tube. The flow is regulated by a stopcock 
to 2.5 to 3.0 cc. per min. ; at this rate the pressure is maintained at 25 to 40 cm. 
of water. As the rate of inflow is constant, any decrease in the caliber of the 
ear vessels results in a rise in the column of fluid, the magnitude of which is a 
measure of the vasoconstriction. 

The absolute sensitivity and the discriminatoiy power of the preparation 
changes gradually during the experiment, increasing the error of quantitative 
determinations. Doses of 0.04-0.1 microgm. of /-epinephrine and 0.05-0.1 
microgm. of d , /-arterenol injected into the tubing produced marked vasoconstric- 
tion. In the eight ears studied /-epinephrine was more active than /-arterenol 
with ratios varying from 1.5 to 2.5. On the other hand, /-arterenol was found to 
be from 12 to 18 times more active than the (/-isomer by this test. 

Prolongation of local anesthetic effect of procaine. The capacity of arterenol to 
extend the duration of local anesthesia was tested on rabbits by injection around 
the external canthus of the eye. Doses of 0.5 cc. of 0.5 per cent procaine alone 
and 0.5 per cent procaine with /-arterenol in dilutions varying from 1:100,000 
up to 1 : 10,000 were injected and the anesthesia determined by the presence or 
absence of the corneal reflex. 

The results in table 2 show that all the concentrations of arterenol used prolong 
the local anesthetic effect of procaine. However, a regular curve was not ob- 




Fig 2 Dor 12 Kgm Pentothai Barbital Anesthesia 
Tracings Upper cardiogram (Jacksons mj ocardiograph) Middle carotid blood 
pressure Lower time Intravenous injections 


1 200 000 On the other hand hj the intr a cutaneous wheal procedure in hu 
mans, Bieter (23) found that the optimum dilution of l epinephrine for inci easing 
the local anesthetic effect of 0 125 per cent solution of procaine was 1 200,000 
with stronger solutions resulting in a shorter duration of anesthesia Neither 
Leser nor Bieter tried l epinephrine 1 10,000, the strongest solution in our tests 
The greatest effect w as obtained at this concentration u ith epinephrine and at 
1 20,000 with arterenol At all the concentrations, the effect of epinephrine 
w as more pronounced As measured bj the duration of anesthesia, the a aso 
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constriction produced by Z-epinephrine in the subcutaneous tissue and sub- 
mucosa around the external canthus of the eye is more prolonged than that 
produced by equal doses of Z- arterenol. 

Intracutaneous wheal test in guinea pigs. The method of Bulbring and Wajda 
(24) consists in producing two intracutaneous wheals on the back of each animal 
by injecting the anesthetic solutions and determining the number of times there 
is no response to six pinpricks applied in sets to each wheal, every five minutes 
for 30 minutes. Six animals are used for each dose level. The negative responses 
obtained in the six readings for each wheal are summed and the mean for the six 

TABLE 2 


Comparison of l-epinephi ine and l-artcrcnol in prolonging local anesthesia from 0.5% 
procaine in the external canthus of rabbits 


\ ASOCONSTR1CTOR NAME 

DILUTION* 

pDf 

NUMBER OP 

DURATION IN MIN. 


RABBITS 

Ave. 

Range 

Z-Arterenol 

1:1,000,000 

6.0 

12 

36 

25- 60 

f-Arterenol 

1:540,000 

5.73 

6 

50 

40- 60 

l - Arterenol 

1:400,000 

5.6 

6 

72 

65- 90 

f-Arterenol 

1:200,000 

5.3 

12 

79 

45-130 

/-Arterenol 

1:100,000 

5.0 

10 

70 

60- 85 

f-Arterenol 

1:54,000 

4.73 

5 

79 

70- 90 

f-Arterenol 

1:50,000 

4.7 

10 

60 

40- 90 

f-Arterenol 

1:27,000 

4.43 

6 

82 

60-115 

f-Arterenol 

1:10,000 

4 0 

11 

127 

S5-155 

/-Epinephrine 

1:500,000 

5.7 

6 

87 

60-130 

f-Epinephrine . 

1:200,000 

5.3 

6 

110 

90-160 

/-Epinephrine 

1:100,000 

5.0 

10 

124 

65-190 

f-Epinephrine 

1:50,000 

4.2 

10 

131 

95-120 

f-Epinephrine 

1:25,000 

4.4 

10 

110 

70-140 

f-Epinephrine 

1:10,000 

4 0 

12 

215+ 

135-300+ 

Procaine control 

0 0 


12 

17 



* In terms of base. 

t Log of reciprocal of the dilution ratio (21). 


wheals is calculated. The maximum value of 36 was obtained with all four 
solutions, thereby indicating complete local anesthesia 

In table 3 the values obtained after 30 minutes represent simply the arithmetic 
sums of six readings (one for each wheal). These results show the increase in 
duration of the anesthetic effect of procaine produced by both Z-epinephrine and 
Z-artcrenol and at a dilution of 1:200,000 (in terms of the base) they were equally 
active. 

Smooth muscle organs. Retractor penis in situ: The effect of d, Z-arterenol on 
the dog’s retractor penis has been studied by Barger and Dale (9), who found 
that it was considerably less active than d, Z-epinephrine in producing contraction 
of this muscle. Other primary amines in their series were also found less active 
than the corresponding methylamines. Cocaine sensitizes the effect of epineph- 
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rine on the cat's retractoi penis (25) and that of epinephrine and othei cat- 
echolamines on the dog’s retractor penis in situ (2G) 

Method Dogs anesthetized w ith Sodium Pentothal and sodium barbital w ere 
used In some animals, the sympathetic innervation of the muscle was sup- 
pi essed by section of the lumbai sympathetic chains All the dmgs were injected 
into the femoral vein and the lesultant changes in carotid blood pressure recorded 
After longitudinal section of the skin co\enng the penis, the antenor part of the 
muscle was dissected, cut at the site of its anterior insertion and attached by a 
long thread to a heart lever for recording Equipressor doses of l- and d-arteienol 
produced appio\imatelj r the same degiee of conti action of the retractor penis 
Therefore, Z-artcrenol is about 27 times moie active than the tf-isomei on this 
muscle, however, in companson w ith /-epinephrine, /-arterenol is much less active 

TABLE 3 

Intracutancovs u heal tests tn guinea pigs luth 0 1% procaine and epinephrine or 
artcrcnol 

Method of Bulbnng and Wajda (24) 



I 


INDIVIDUAL SCOBES 


O* THE BASE 

30 MINUTES ■ 

w 1 

min ! 

90 

mm 

120 

min 

130 , 
min 

175 

mm 

J Epinephrine 1 200,000 

3G 

34 1 

30 ! 

25 

20 ! 


/-Epinephrine 1 100,000 

30 

30 1 

36 

36 

33 ! 

33 

/-Arterenol 1 400,000 

30 | 

34 1 

26 

24 

!S | 

17 

/ Arterenol 1 200,000 

Procaine 0 1% 

Procaine 0 25% 

Procaine 0 5% 

Procaine 1 0% 

36 

5 66 ±3 6 ! 
16 0 ±4 2 
2S 0 ±2 6 1 
31 6 ±4 1 

33 

28 

25 

1 25 

23 


on the retractoi penis than on blood pressure In three dogs, the dose of l ar- 
terenol lequned to induce the same degiee of contraction was 4 to 5 times largei 
than that of l epinephrine This is illustrated m fig 3 in w hich the effect of 
equiactive doses of l epinephrine and l- and d arterenol can be compared 
Isolated rabbit ileum The optical isomcis of arterenol depiess the activity of 
the isolated rabbit ileum Qualitatively they act like epinephrine In calculat- 
ing the potency of l- and d-arterenol and /-epinephrine we have followed the 
method lecently described by Miller, Becker and Tarater (21) for the determina- 
tion of the activity of spasmolytic drugs, with the difference that we have used 
the unstimulated ileum Considered as an all-oi -nothing lesponse, a result was 
letoided as “positive” when the amplitude of the noimal contractions was re- 
duced by 75 per cent or moie within two minutes Each dose level was tiled 
on six to 12 stnps fiom a minimum of six labbits 
The mean values of the ED 5 o in log dilutions (pD) were rf-arteienol: 5 9 
± 0 07 (= 1*800,000), Z-aiterenol 7 70 ± 0 08 (1:50 millions) and l epineph- 
rine 7 78 ± 0 12 (1,60 millions) Therefore, /- arteicnol is about as active as 
/-epinephrine in producing inhibition In general agi cement with the present 
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results Auman and Youmans (27) found /-epinephrine was 1.5 to 2.0 times as 
active as racemic arterenol and Emilsson (28) and West (12) observed a two- 
fold difference. 

Isolated guinea pig ileum. Both optical isomers of arterenol relax the normal 
and the histamine-contracted isolated guinea pig ileum. The relative potencies 
of d- and /- arterenol and /-epinephrine in this respect were determined using at 
least six strips of the unstimulated ileum for each dose level by the method of 
Miller, Becker and Tainter. 



Fig. 3 Dog, 11 Kgm. Pentothal-Barbital Anesthesia 

Atropinized Tracings. Upper. Retractor penis (abdominal sympathetic chains cut)! 
middle, carotid blood pressure; Lower- time, 1 minute intervals. Injections into femoral 
vein E — I-epinephnne; l - A = J-arterenol, rf-A = rf-nrtereno] Total doses in mgm. 
Between II and III a dose of cocaine HC1 was injected subcutaneously. 


The guinea pig ileum was found to be more sensitive to these agents than the 
rabbit ileum. The pD producing positive results in 50 per cent of the strips w as 
6.58 ± .09 (1:3.8 millions) for (/-arterenol, 8.02 ± .07 (1:105 millions) for 
/-arterenol and S.16 ± .08 (1:144 millions) for /-epinephrine. Although the 
standard errors ate relatively large, it appears that /-epinephrine is slightly more 
active than /-arterenol and that this is 25-30 times more active than the (/-isomer, 
a ratio comparable to that obtained on the blood pressure of the barbitalized 
dog. 

Isolated Rabbit Uterus (Non pregnant). The stimulating effects of /-arterenol 
and /-epinephrine weie compared on the uterine horns of seven rabbits in dilu- 
tions of 1: 10 million to 1:50 million. The two substances in the concentrations 
used produced the same degree of stimulation. The effect of /-arterenol appears 
to last longer 
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Guinea pig Uterus (Non pregnant) /-Epinephrine and /-arterenol wcie tested 
on the guinea pig uteius, eithei unstimulated 01 conti acted by adding aeetvl- 
chobre to give a 1:10 million dilution The dilutions of the two amines \aned 
from 1*2 million to 1 20 million /-Aitcienol was almost ineffective at 1*20 
million The enatic activity of the uteu made the est mation of the potency 
vcr> difficult, it appeals* that /-epineplmne is fiom 2 to 10 times more aeti\e 
than f-nteienol m producing inhibition of the uterus 1 


NON-PREGNANT HAT UTERUS 


t epinephrine lAnreiu/toL 

l ^oom.LUons J / 2 million* 



AceTTLCHouwe 
1 J million 


AC CHOLINE 

I f million 


d-ARTERENOL 


l 1 '/l iillllffl 



r 

AC CHOLINE 

i i million 



Fig 4 Isolated Non i*rlgn\nt Rat Uterus 


Rat Uteius (Non pregnant) In the uterus stimulated by acetylcholine (1*1 
million to 1.5 million, pD G-G 7) /-arteienol was ineffective at 1.100 million 
The threshold dilution seems to be around 1 10 million, a concentiation three 
times this pioduced a degiee of inhibition (decrease m tonus) comparable to 
that of 1 : 100 million of /-epinephnne Theiefoie, l cpinephnne is approximately 
30 times moie active than I arteienol in lelaxing the lat uteius stimulated with 
acetylcholine However, with equiactive doses, the effect of / aiterenol was 
more prolonged On the other hand, /-arterenol was about four times moie 
active than (l arterenol (fig 4) 

1 In a new sines of experiments, carried out in August, 1948, both l arterenol and l epi 
neplirine w ere found to produce contraction instead of relaxation of non pregnant guinea pig 
uterus Some investigators have obtained both contraction and relaxation of the pregnant 
as well as the non pregnant guinea pig uterus while others have observed cither relaxation 
or eontnction (Literature reviewed bj Gruber (44)) 
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Effect on the Bronchioles. There is an extensive literature on the bronchiolar 
dilatation produced by the sympathomimetic amines. The effect of d , Z-arterenol 
has been studied by Tainter el al. (29) on the perfused guinea pig lung. They 
found that it is only about ] as active on the average as /-epinephrine in relieving 
the spasms produced by histamine, pilocarpine or barium. On the lung in situ 
(30) with the Jackson method, d ,/-arterenol is a good bronchodilator against the 
spasm produced by arecoline. On the perfused guinea pig lung, Siegmund, 
Granger and Lands (31) found that /-epinephrine was at least 10 times more 
active than d , Z-arterenol against histamine bronchospasm. They also found 
cZ, Z-arterenol very active on the spasm provoked by histamine inhalation. We 
have used both the perfused guinea pig lungs by the method of Sollmann and Von 
Oettingen (32) as modified by Tainter, Pedden and James (29) and the method 

TABLE 4 


Bronchodilator action of d- and l-arlcrenol in comparison with l-epinephrinc in histamine 

induced asthma in guinea pigs 


DRUGS 

DOSE* 
MGM /KGM. 
I.P. 

NO OF 
EXPERI- 
MENTS 

AVERAGE TIMEf 

1 PER CENT IN- 
] CREASE 

DOSAGE 
RATIO 
/-EPINEPH- 
RINE = 1 

Control 

j Exper. 

Onset 

Dura- 1 
tion 

Onset 

Dura- 

tion 

Onset 

Dura- 

tion 

Z-epinephrine 

0.01 

7 

0.60 

1.04 

1.0!) 

1.46 

73 

35 

1 

Z-epinephrine . 

0.02 

7 

0.55 

0.85 

1.30 

2.18 

136 

156 


Z-arterenol 

0.05 

14 

0.4S 

0.84 

1.07 

1.69 

122 

101 

3 

Z-arterenol . 

0.1 

7 

0.50 

1.00 

1.80 

2.70 

260 

170 


d-arterenol 

1.0 

IS 

0.60 

1.05 

1.35 

2.05 

125 

95 

60 


* All doses expressed in terms of the bases. Drugs were injected intraperitoneally. 
t Time expressed in minutes. 


devised by Schauman (33) with some modifications as described by Siegmund, 
Granger and Lands to induce bronchospasm by histamine inhalation. 

On the perfused lung, Z-arterenol in doses of 0.034 to 0.1 mgm. and rf-arfcerenol 
in doses of 3 to 5 mgm. relaxed the bronchioles constricted by histamine (0.02- 
0.05 mgm.), all the drugs being injected into the perfusion fluid just entering the 
lung. The Z-isomer was 50 to 60 times more active than the cZ-isomer, and about 
iV as active as /-epinephrine. 

In the intact guinea pig, Z- and cZ-arterenoI showed antagonism to the spasm 
induced by inhalation of histamine diphosphate aerosol, as judged by the delays 
in the onset of initial symptoms and the appearance of asphyxial convulsions 
(duration). The results have been summarized in table 4. 

By this method the ratios differ from those obtained with the perfused lung; 
Z-arterenol is approximately 20 times more active than rZ-arterenol and about 3 
as active as /-epinephrine. 

Central Xenons System Stimulation. The comparative activities of Z-arterenol 
and /-epinephrine in stimulating the central nervous system have been investi- 
gated by the rat “jiggle-cage” technique of Tainter and co-workers (34). By 
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this method the movements of each rat are summated on an electric counter. 
Z-Arterenol was administered subcutaneously as the d-bitartrate monohydrate 
salt and Z-epinephrine as the base dissolved in weak hydrochloric acid solution, 
but all doses are expressed in terms of the free base for both compounds. A sum- 
mary of the results is given in table 5. 

From the results it may be seen that both Z-arterenol and Z-epinephrine produce 
moderate stimulation in the dose range used. The differences between the two 
drugs for individual intervals are scarcely beyond the limits of significance, in 
view of the relatively large standard errors. However, in the first three hours 
after injection all the hourly means obtained after Z-epinephrine, with only one 
exception, are higher than the corresponding means (in time and dosageO for 
the Z-arterenol rats. The total increase in revolutions over the control show 
greater differences inasmuch as the totals include the additional increases after 

TABLE 5 


Central nervous system stimulation 'produced in rats by l-cpinephrine and l-arterenpl 
as determined by the Jiggle Cage technique of Tainter, el al. (SB) 


DXDQ 

dose or 
BASE 
MCU./ 
ECU. 

NO. 

EATS 

AVERAGE NUUBER OP REVOLUTIONS PER HOUR dr SX. AT TMES SHOWN 
AZTER DOSING 

TOTAL 

INCREASE 

IN 

tfEVOl. 
OVER 
j CONTROL 

1 Hr. 

2 Hr. 

3 Hr. 

; 4 Hr. 

5 Hr. 

6 Hr. 

Saline 

<2ce.) 

22 

2.3 ±0.5 

1.4 ±0.2 

1.6 ±0.3 

1.1 ±0.3 

1.1 ±0.2 

1.4 ±0.3 


l-Epinephrine 

0.25 

9 

7.2 ±1.6 

| 10.9 ±4.4 

3.7 ±1.6 

2.0 ±0.6 

1.2 ±0.6 

1.0 ±0.4 

17.1 


A.tt 

n 





\AAAA 

AS A 

n.a 


2.0 

12 

12.0 ±1.9 

8.0 ±1.5 

4.6 ±0.9 

2.3 ±0.6 

2.6 ±0.8 

2.8 ±0.8 

23.4 

l -Arterenol 

0.25 

9 

8.9 ±2.0 

5.0 ±0.8 

2.2 ±0.5 

1.2 ±0.3 

0.7 ±0.1 

1.4 ±0.5 

10.9 


0.75 

12 

9.6 ±2.0 

5.3 ±1.6 

1 ,8 ±0.6 

0.0 ±0.2 

0.5 ±0.2 

0.7 ±0.2 

11.4 


2.0 

12* 

7.7 ±1.3 

4.0 ±1.0 

1.4 ±0.7 

1.2 ±0.3 

0.9 ±0.3 

0.9 ±0.06 ( 

7.9 


• 1 animal of this group died. 


the third hour following the injection. In conclusion it appears that Z-epineph- 
rine stimulates the central nervous system of the rat approximately twice as 
much as Z-arterenol. 

Discussion. The results reported here on Z-arterenol agree, in a general way, 
with prior knowledge of the pharmacological action of d,Z-arterenoI. As pre- 
dicted, most of the activity of d , Z-arterenol is attributable to the Z-isomer. For 
arterenol, the average dll pressor potency ratio is 1:27, which is intermediate 
between the ratios reported for the pairs of close analogues, namely: 1:12 to 
1:15 (35, 36) and 1:18.5 (37) for d- and Z-epinephrine and 1:30 (38) for d- and 
Z-dihydroxynorephedrine. The relative potencies of the two optical isomers 
observed in various physiological structures or systems are summarized in table 6. 

It is somewhat surprising to find that Z-arterenol is as active as Z-epinephrine 
on the small intestine of rabbits. It has been assumed that the primary amines 
in the catecholethyl- and propylamine series have appreciably less sympathomi- 
metic inhibitor action than the corresponding methylamines. 
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Examination of table 6 shows that the ratios of Z-arterenol potency to that of 
(-epinephrine bear no relation to whether an inhibitory or excitatory type of 
response is involved. Z-Arterenol is more active on blood pressure and on the 
dog’s heart. It is also more active on the pregnant uterus of cats according to 
reports in the literature (6, 12, 39). However, with other structures wherein 
the sympathetic is excitatory (dog’s retractor penis and the cat’s nictitating 
membrane (Bacq, 40)), Z-arterenol is much less active than 1-epinephrine. Ar- 
terenol is also less effective in raising the blood sugar in rabbits as demonstrated 
by Sahyun (41) with the racemic mixture and by McChesney and McAuliff with 
the 1-isomer (42). In addition, 1-arterenol is as potent as 1-epinephrine on an 
inhibitory sympathetic structure (small intestine) while it is much less active on 


TABLE 6 

Relative potency of l-epinephrine and d- and l-arterenol 


TEST OBJECT 

J -ARTE REN OL RATIO 
OF EQUIACTIVE 
DOSES OF i-ARTERE- 
NOL AND 
/-EPINEPHRINE 

ff -ARTE REN OL RATIO 
OF EQUIACTIVE 
DOSES OF d- AND 
/- ARTERENOL 

TYPE OF 
RESPONSE 


l-cpintphrint = 1 

l-arterenol — l 


Dog, blood pressure 

0.6 

27 

E* 

Dog, heart in situ 

0.6 

27 

E 

Dog, retractor penis 

4-5 

27 

E 

Rabbit, ear perfusion (vasoconstriction) . 

1. 5-2.5 

12-18 

E 

Rabbit, isolated ileum 

1 

60 

It 

Guinea pig, isolated ileum 

1.5 

27 

E 

Rabbit uterus, nonpregnant 

1 

— 

E 

Guinea Pig Uterus, nonpregnant 

2-10 

— 

I 

Rat uterus, nonpregnant 

30 

4 

I 

Guinea Pig lungs 




a) perfusion 

17 

60 

I 

b) histamine asthma 

3 

20 

I 


* E — Excitation, 
f I — Inhibition. 


the two organs in which the sympathetic is excitatory (retractor penis and nicti- 
tating membrane). This raises the question whether l-arterenol can fulfill the 
theoretical requirements for an “excitatory” sympathin, as has been suggested 
by some investigators. 

Originally “sympathetic receptive substance” or "myoneural junction” desig- 
nated a specialized part of the sympathetic peripheral mechanism, through which 
the effect of the nerve impulses or of epinephrine was mediated, and which de- 
pended trophically on the effector cell, since it did not disappear after section and 
degeneration of the nerve fibers. It was actually a part of the effector cell, but 
different from the contractile substance upon which the so called “muscuio- 
tropic” agents were supposed to act. In the newer concepts of neurohumoral 
transmission, the role played by the receptive substance changed but little; it 
continued to play the part of the trigger apparatus for the mechanical effect by 
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becoming the site of action of the ergone or eigones libci ated at the pciiphcry 
by the stimulation of the nerves As the effect of epinephime and other closely 
i elated compounds on smooth muscle was augmentation 01 inhibition depending 
on the type of receptive substances involved (which in turn was levcaled by the 
type of response to the stimulation of the sympathetic nerves) it was assumed 
that there are two receptive substances, excitatory' and mhibitoiy, which are 
fundamentally different Ihis assumption is supported by' the fact that during 
pregnancy when the sympathetic supply' of the uterus in the cat and other ani- 
mals changes from inhibitory to excitatory' there is a paiallel change in the re 
sponscs to epinephrine and closely related drugs 

In the case of the organs m which the sympathetic is inhibitory there is no 
difficulty in accepting the hypothesis of the inhibitory receptive substance, 
although it should be considered as a woiking hypothesis until more is knowm 
about the mechanism of contraction of the smooth muscle cells Howevei, the 
existence of sympathetic inhibitory innervation has been claimed to explain 
certain inhibitory effects produced by' epinephrine and related compounds on the 
blood vessels, such as the fall of pressuie elicited by small doses, the secondary 
hypotension which follows the normal pressor effect and the rcxersal obtained 
after sympatholytic agents Ergotoxme, 933 F and other sy'mpatholytics should 
inhibit only the effect of sympathomimetic amines on the excitatory receptive 
substance, leaving the inhibitory' component of the vasculai effect unaltcied, 
only those ammes w Inch act on both types of receptive substance should depress 
the blood pressure after sympatholytics Therefore, according to this theory, 
arterenol and other nor compounds ha\ e very' little or no effect on the inhibitory 
sympathetic receptive substance The same theory' was advanced to explain 
the fact that arterenol w as more active than epinephrine on the blood pressure 
w lnle it w as less potent on the letractor penis (9) It w as assumed that epmeph 
nne was more active than arterenol in producing excitatory' effects, as was shown 
on the retractor penis which has no inhibitory sympathetic supply', while on the 
blood pressure the piessor effect of epinephrine w as reduced by its ow n inhibitory 
action, while the effect of arterenol, on the other hand, hav mg a v ery w eak or no 
inhibitory component, was fully effective This theoiy implies the existence of 
inhibitory' sympathetic fibeis in every vascular area in which epinephrine acts 
as a vasodilator aftei sy'mpatholytics, a generalization for which theie is no con 
clusn e evidence, although inhibitory sympathetic fibeis have been demonstiated 
foi some vascular aieas 

Weight against tins hypothesis is piovided by the action of compounds such 
as N-isopiopyl-aiterenol (Isupiel) and other closely related amines which are 
piedominantly or puiely' v asodilatois in action Their action and the inhibitory 
effects of epinephrine are supposed to be similar in nature, that is, on inhibitory 
sympathetic receptive substances Howevei, we have made the observation 
t T hat Isuprel relaxes the atiopimzed dog’s ictiactoi penis in situ (fig 5) and m 
mirOy a muscle which docs not have inhibitory sympathetic fibeis (43) It also 
relaxes the atropmized vessels of the perfused ear of the labbit, an animal in 
which ergotoxme does not reverse the piessoi effect of epinephime Appaiently 
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he site of action of Isuprel on smooth muscle ceils is not identified anatomically 
,r Physiologically with inhibitory sympathetic fibers and nerve endings. The 
he of the inhibitory action of epinephrine is presumably the same, considering 
he close chemical and pharmacological relationship of the two compounds. 


/ 

Do G 8 <? kg. 

/ - 



Fig 5. Dog, S 9 Ivgm Pen'tothae-Babbitae Anesthesia 


Tracings Upper retractor penis. Middle: carotid blood pressure Lower: time in 
minutes Intravenous injections. The tracings show the augmentor effect of cocaine 
and the inhibition produced by N-isopropyl-arterenol (Isuprel). 


The fact that arterenol, epinephrine and Isuprel produce a combination of 
augmentation and inhibition of effector cells implies to us that in the chemical 
structure of the group of compounds known as sympathomimetic, the possi- 
bility exists of influencing in opposite directions the same biochemical mechanism 
which in the smooth muscle cell is responsible for or directly involved in the 
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mechanical responses. The affinity for the same cellular mechanism would de- 
pend on the structural features which they have in common while the type of 
amine group would be responsible for the direction and degree in which this 
mechanism is influenced. 


CONCLUSIONS 

1. The pharmacologic actions of i- and d-arterenol have been compared with 
(-epinephrine on the blood pressure, cardiac activity and the retractor penis of 
the barbitalized dog, on the isolated ileum of the rabbit and guinea pig, and the 
bronchioles of guinea pigs. The effects of i-arterenol were also compared to 
that of J-epinephrine on the uterus of rabbits and guinea pig, on the duration of 
the local anesthesia from procaine, and on the spontaneous random activity of 
the rat by the jiggle-cage technique. 

2. On the barbitalized dog !-arterenol is 1.70 more active than (-epinephrine 
in raising blood pressure, while d-arterenol is about -Whrtli as active as the (-isomer. 
Equipressor doses of these drugs produce about the same degree of cardiac 
stimulation as judged by the increase in heart rate and amplitude. 

3. On the dog’s retractor penis in situ, equipressor doses of (- and d-arterenol 
have the same stimulating effect. (-Epinephrine is 4 to 5 times more active than 
(-arterenol. 

4. Cocaine sensitizes the effect of (- and d-arterenol on the blood pressure and 
the retractor penis. 

5. On the isolated rabbit ileum (-arterenol is approximately as active as (-epi- 
nephrine in producing inhibition: d-arterenol is about r^th as active. On the 
isolated guinea pig ileum (-arterenol is somewhat less active than (-epinephrine 
in inducing relaxation while it is 20 times more active than d-arterenol. 

6. The isolated rat uterus stimulated with acetylcholine is promptly relaxed 
by (- and d-arterenol. On this preparation, (-arterenol is about 4 times more 
active than the d-isomer and ^th as active as (-epinephrine. In stimulating the 
isolated rabbit uterus i-arterenol and (-epinephrine are equally active, while the 
latter is 2 to 10 times more active than the former in inducing inhibition of the 
isolated nonpregnant guinea pig uterus. 

7. In the perfused guinea pig lung (-epinephrine is about 17 times more active 
than (-arterenol which is 50 to 00 times more active than d-arterenol as a broncho- 
dilator against histamine constriction. Against the bronchospasm induced by 
nebulized histamine in the intact guinea pig (-epinephrine is about 3 times more 
active than (-arterenol which is 20 times more active than d-arterenol. 

8. (-Epinephrine is more potent than i-arterenol in increasing the duration of 
the local anesthetic effect of procaine. 

9. Both (-epinephrine and (-arterenol moderately increase the spontaneous 
activity of the rat as judged by the jiggle cage method. The degree of stimula- 
tion is greater with (-epinephrine. 

10. These results are not compatible, in any simple way, with certain current 
theories that identify i-arterenol as being the augmentor hormone of the sympa- 
thetic nervous system. 
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Acheson and Pcicna (1), in 194G, demonstrated that tetraethylammomum 
bromide blocks the synapse of sympathetic ganglia In the same year Acheson 
and Moe (2) interpreted some of the actions of this drug on the frequency of 
the heart beats as due to depression of the paiasjmpathetic ganglion formations 
of the heart * 

It has been considered of intei cst to establish the possibility of blocking the 
ganglionic synapse of the parasympathetic system ■with the drug and also to 
study the effect of the drug on the tiansnussion between the cholinergic post- 
ganghon c fiber and the effector, since adieneigic tiansmission is unhampered by 
the drug (1) 

Mfthods C its anesthetized with an mtrapcritoncal injection of sodium pentobarbital 
urethane were used (sodium pentobarbital 0 03 grams to 1 cc of 25 per cent urethane 1 cc 
per kilogram of animal \\ eight) A tracheal cannula w ns employ ed so that artificial respira 
tion could be performed w hen necess ir\ 

The structures used w ere the superior cervical ganglion (sy mpathctic) and the ciliary 
ganglion (paras\ mpathctic) 

To stimulate paras\ mpathctic preganglionic and postganglionic fibers, the method of 
Luco and Salvcstnni (3) w as employed The preganglionic and postganglionic sy mpathctic 
fibers were stimulated in the cervical region 

The nerves were stimulated by short rectangular pulses or 0 0005 sec duration, the fre- 
quency of which was controlled bv electronic valves Maximal stimulus was used in the 
majority of the experiments, and submaxinial in the rest 

The drug chosen — tetraethylammomum bromule (Kodak) — was administered intrave- 
nously (via the femoral vein) The action of the drug w as recorded by photographing the 
variations in pupillary diameter at different times during stimulation 

A total of 29 experiments w as performed In nearly all the animals the adrenal glands 
were remoxed 

Results A) Preganglionic 'parasympathetic fibers The mtiavenous injec- 
tion of teti aethylammonium bromide dining stimulation of the third pair (pre- 
ganglionic fibeis of the ciliary ganglion) at frequencies that fluctuated between 
30 and CO per second and w ith maximal intensity produced a reduction or aboli- 
tion of the pupillary reaction The effect can be obserxed 1 minute aftei the 
administration of the drug and lasts foi a full 30 minutes 

In neaily all the experiments the preganglionic sympathetic fibeis were stimu- 
lated simultaneously on opposite sides, it was possible to observe a blocking of 
both pupillary reactions w ith doses fluctuating betw een 0 OG and 30 mgm per 
kilogram of body weight In one (fig I), piogressixely largei doses weie ad- 

1 Aided by the Ella Sachs Plotz Foundation, Boston, Massachusetts, and Fundacion 
Gildcmeister, Santiago de Chile 
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giaph) and aftei stimulation (bottom one) me due to the absence of the light reflex 
by the blocking effect of the drug on the ciliary ganglion An intense effect on 
the sympathetic ganglion appears aftei the fust injection at B and the complete 
blocking effect after the second one at C, as pioved by the fact that a double dose 
admmistcied at D does not modify the pupillary’ diametei and by the fact that 
it is equal to the diameter aftei stimulation In the paiasympathetic ganglion 
the effect is observed only aftei the second injection, and it is not yet complete 
after the thud one, 1 e , the pupillary’ diameter is smaller than the one before or 
after stimulation 

In other vvoids, the effect on the parasympathetic ganglion was obtained in 
this experiment with doses about four times lmger than the one lequned to block 
the sy rapathetic ganglion , 

In othei experiments the ciliary ganglion was acutely icmoved on the same 
side as the sympathetic stimulation, and the blocking effects weie of the same 
magnitude as the experiment of fig 1 


O I 2 3 4 5 6 



A B C D E 


Tig 2 Depressor and Potentiation Effects with Small and Large Doses during 
Stimulation of the Postganglionic Parasamtathetic Fibers with Maximai 

Stimuli 

A and E show the beginning and ending of stimulation At B, C and D, tetracthylam 
inonium bromide 3 mgm , S mgm and 160 mgm per kilogram of body w eight, respectivelv 

B) Postganglionic parasympathetic fibers During stimulation of the post- 
ganglionic parasympathetic (cholinergic) fibeis at a frequency of 25 to 50 per 
second, vanous effects can be observed accoiding to the dose used* With 10 to 
100 mgm per kilogram of body weight, block of the response of the effector is 
observed similar to the autonomic ganglion effect 

With doses between 200 and 300 mgm per kilogram of body weight, it is often 
observed that an increase m the pupillary conti action takes place After this 
potentiation of the response, which lasts nearly 1 minute, a depression and block- 
ing is observed, as show n by a prolonged pupillary' dilatation 
The depression with small doses and potentiation with large ones has been 
observed w ith both maximal and submaximal stimuli (figs 2 and 3) The de- 
pressor effect can be diminished if the intensity of the stimulus is increased, 
regardless of whether maximal or submaximal stimulation is employed, but the 
increase was never greatei than that obtained with a maximal stimulus 
In 2 expenments it was observed, as reported by Acheson and Pereira (1), 
that the response of smooth muscle to acetylcholine (in this case the pupillary 
sphmctei) is not altered by the previous administration of the diug (fig 4) 
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C) Direct effect, on the pupil. It was considered interesting to know the effect 
produced by direct action of the drug on the pupil. Four cats were used. In 
one the sympathetic and ciliary ganglia of both sides were acutely removed, 
and in the other three the superior cervical ganglion of one side was excised 5 to 
1 days previously and the rest of the ganglia acutely removed. Under these 
conditions the drug produces a slight increase of the pupillary diameter (fig. 5) — a 



Fig. 3. Potentiation with Large Doses during Submaximal Stimulation op the 
Postganglionic Parasympathetic Fibers 

At A, stimulation begins, with maximal stimuli. At B, intensity is reduced (submaxi- 
mal). At C, injection of tetraethylammonium bromide: 100 mgm. per kilogram of body 
weight. 


ABC 



T 


Fig. 4. Effect of the Drug on Acetylciiolinic Response of the Pupil 

Chronic sympathetic postganglionic denervation (6 days) and acute decentralization 
(removal of ciliary ganglion) . At A, B and C, injections of 50 micrograms of acctjdcholine. 
T shows intravenous injection of 16 mgm. per kilogram of body weight of tetraethylammo- 
nium bromide, immediately before B. 

reaction that is, of course, more intense when the initial tension of the pupil is 
greater. 

In the different experiments, it was never observed that the drug produced 
pupillary contraction per sc, even with doses as large as 300 mgm. per kilogram. 
From this, one may infer that the drug has no muscarinic effect, confirming pre- 
vious reports, such as those cited by Acheson and Moe (2) . 

Discussion. Luco and Mesa (4) demonstrated that curare produces a block - 
ing of the synapse in which acetylcholine is mediator. Tetraethylammonium 
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btomide has a similar action on the neuroeffectois studied, thus Acheson and 
Pereira (1) observed a depiessor effect on the sympathetic ganglion, and this 
papei studies its action on paiasympathetic ganglia and on the postganglionic 
cholinergic effectoi system The observation of Acheson and Pcieira that, like 
cmare, it does not block the postganglionic adrenergic effectoi system is con- 
firmed 

The dilatation of the pupil obseivcd with the administration of the drug, while 
stimulating the ciliary fibers, is not due to a dncct effect of tetiaethylammomum 
biomide on the pupillary sphmetei, since during postganglionic sympathetic 
stimulation theic is no effect of the drug on the dilatoi of the pupil On the other 
hand, the magnitude of direct effect of the ding on the pupil dilatation is small 


A B 



Fig 5 Direct Effect of the Druo ov the Putil 
A ami A' (right side) show the acutclj decentralized pupil B and B' (left side), the 
acutely decentralized and chronicallv denervated pupil (removal of the superior cervical 
ganglion) At T, injection of tctraethjlammonium bromide 25 mgm per kilogram of 
bod> weight 

whereas the depiession duiing postganglionic stimulation may be complete 
These consideiations theiefoie exclude the possibility that the depiessor effect 
is due principally to a change in the smooth-muscle contractile system 
It does not at piesent seem likely that the drug has an effect on the post 
ganglionic axon, since no depression of the postganglionic sympathetic fibeis is 
obscrv ed 

It is not possible to accept an increase in the thicshold to acetylcholine, which 
w ould easily explain the depiessor effect, since both in the expenments of Acheson 
and Percna (1) and in these, the tlueshold of the nictitating membrane and the 
pupil to acetylcholine lemaincd unaltered 
The possibility of a change in the hbeiation of the mediatoi would explain 
the lesults obtained, but this intei pretation has not been submitted to cxpen- 
mental pi oof 
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The transitory, but constant, potentiation produced by the drug in high doses 
during stimulation is not due to direct action on the muscle, since such a reaction 
has never been observed, as pointed out in Section C above. This increase in 
the contraction could also be explained as due to an alteration in the liberation 
of the mediator. 


SUMMARY 

The effect of tetraethylammonium bromide on the parasympathetic ganglion 
and the postganglionic cholinergic effector system was studied on cats anesthe- 
tized with sodium pentobarbital. 

During stimulation of the preganglionic fibers of the ciliary ganglion, a block- 
ing of the transmission of the impulse through the ganglion was observed. 

The stimulation of the postganglionic fibers revealed a blocking of the pupillary 
response with intravenous doses of 10 to 100 mgm. per kilogram of body weight, 
and a potentiation of the response with doses from two to three times larger. 
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Many compounds, both natural and synthetic, have been found to possess 
adrenergic blocking activity The clinical application of such agents has been 
limited by their toxicity and brief duration of action In 1946 Nickerson and 
Goodman (1) reported that dibenzyl 0 chloroethy] amine (dibenamine) was cap- 
able of blocking certain adrenergic responses for a period up to several days 
after a single dose Subsequently Loew, Kaiser, and Anderson (2) described the 
similar effects of other 0 halogenated ethyl amines, namely benzhydrylethyl 
/3-chloroethyl amine, /3-biphenoxyethyl 0 chloroethy] amine, and a napthyl- 
methyl ethyl 0 chloroethyl amine 

This group of compounds is presumed to undergo intramolecular cj chzation 
under physiological conditions with the formation of a highly reactive lmine 
ring It is to this transformed state of the dibenamine molecule that the ad- 
renergic blocking effect has been ascribed (3) This effect can be prevented by 
the poor administration of thiosulfate, an action which is attributed to the ability 
of this ion to combine w ith the lmine form of such compounds w ith the produc- 
tion of an mactive ethyl thiosulfate derivative 

The present study is concerned with the relationship between chemical struc- 
ture and adrenergic blocking activity of a number of 0 chloroethyl amines and 
w ith certain aspects of the mechanism of action of such compounds 

Methods Mouse Protection Test The ability of adrenergic blocking agents to protect 
mice against the lethal effects of epinephrine has been utilized as a test for such activity (2) 
In the present Btudy albino mice were injected subcutaneously with the compound to be 
tested and the LD$o_ioo of epinephrine* (20 mgm /hgm ) was subsequently injected intra 
peritoneally Groups of 10 mice were used m each experiment and frequent control deter 
mmations of epinephrine toxicity were made All injections were made in a volume corre 
spondmg toO 1 cc /10 grams body weight, except in the case of epinephrine which was given 
m a volume of 0 2 cc /10 gram The compounds tested were hydrochloride salts dissolved 
in normal saline (sometimes slightly acidified) or in propylene glycol diluted with normal 
saline The number of mice per cage and the type of cage were kept constant 

J The work described in this paper was done in part under contract betw een the Medical 
Division, Chemical Corps, U S Army, and Cornell University Medical College Under 
terms of the contract, the Chemical Corps neither restricts nor is responsible for the 
opinions or conclusions of the authors The investigation w as also supported by research 
grants from the U S Public Health Service, National Institute of Health, Division of 
Research Grants and Fellowships, and from the American Cancer Society 

2 Present address Dept of Medicine, Johns Hopkins Hospital, Baltimore 

* Commercially prepared 1 1,000 solution of the hvdrochlonde salt 
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Blood pressure. Adult cats were anesthetized with 0.5 cc./kgm. of "Dial” solution 
(Ciba) administered intraperitoneally. The carotid artery was cannulated and the blood 
pressure recorded with a mercury or Hurthle manometer. All injections were made into 
the saphenous vein. 

Nictitating membrane. The response of the nictitating membrane was recorded by at- 
tachment to an isotonic lever. Silver electrodes were placed on the cervical sympathetic 
trunk and stimulation effected by an induetorium. 

Cross-circulation experiments. In 4 experiments cross-circulation was established in a 
pair of cats through glass cannulae which connected the cardiac end of the common carotid 
artery of each animal with the cardiac end of the external jugular vein of the other. Hepa- 
rin was used as the anti-coagulant. Dibenamine was injected intravenously into 1 (donor) 
cat with the cross-circulation interrupted. After an interval, cross-circulation was estab- 
lished. Subsequent to this, with the cross-circulation again interrupted, the blood pressure 
response of the second (recipient) cat to epinephrine was recorded through a cannula in the 
femoral artery. 

Isolated organs. A glass organ bath with a volume of 40 cc. was maintained at 38° C. 
A 4-5 cm. strip of freshly removed rabbit intestine or non-pregnant rabbit uterus was con- 
nected in the bath to a heart lever. A ICrebs-Ringer bicarbonate medium was used contain- 
ing 0.1 per cent glucose. A mixture of 95 per cent 0 2 and 5 per cent CO» was bubbled con- 
tinuously through the bath. 

Papillary muscle. The technique of Cattell and Gold (4) was used. A Ringer-bicarbo- 
nate solution was gassed continuously with 95 per cent 0 2 and 5 per cent C0 2 . The muscle 
was stimulated at a rate of 1/sec. and responses were recorded photographically. 

Results. Relationship of structure to adrenergic blocking activity. A series 
of /3-chloroetkyl amines was studied for a protective effect against lethal doses 
(LD sa _ioo) of epinephrine in mice. Table 1 shows the results of 20 compounds 
so tested. After an initial dose of the 0-chloroethyl amine (usually 20 
mgm./kgm.) progressively smaller doses were tested until -fV or more of a group 
of mice died from epinephrine. A few compounds reported previously (2, 3) are 
included for comparison. Those agents which failed to afford protection when 
epinephrine was given 30 minutes later were retested, allowing an interval of 2 
hours between administration of the drug and of epinephrine. 

Nickerson, Nomaguchi, and Goodman (3) reported that p-propyl or chlor 
substitution on the benzyl groups of dibenamine abolished activity, and that at 
least one benzyl group was. essential for activity and could not be replaced by a 
phenyl, phenylethyl, or aliphatic group without complete inactivation. How- 
ever, of the bis jS-chloroethyl amines reported here, the benzyl, /3-phenylethyl, 
and Y-phenylpropyl derivatives were active. Since benzhydrylethyl and 
/3-biphenoxyethyl jS-chloroethyl amines are also active, it appears that more than 
one C atom may be interposed between the N atom and the aromatic group in 
active compounds. 

Of the agents tested for a protective effect in mice, a-napthylmetlryl ethyl 
/?-chloroethyl amine appeared the most active. Any absolute comparison of 
the potency of these compounds in this regard would require the determination 
of the time taken for the development of maximal effect for each compound. 
This is evident in the case of y-phenylpropyl bis /3-chloroethyl amine which offered 
no protection when lethal doses of epinephrine were given 30 minutes later, but 
did protect against epinephrine administered 2 hours later. Thus any compari- 
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son of potency of adrenergic blocking agents reported herein is valid only for the 
particular time interval studied. 

The finding that /J-chloro 0-plicnylethyl amines may possess adrenergic block- 
ing activity is of special interest. Dimethyl /3-chloro /2-phenylethyl amine was 
an active protective agent, the first demonstration that the aromatic group may 
be on the chloralkyl group in active compounds. This compound also showed 
striking cholinergic effects following intravenous administration in cats, causing: 
an acute flaccid paralysis, skeletal muscle fasciculations, a fall in blood pressure 
which was blocked by atropine, a depression of the responses of the intact cat 
gastrocnemius preparation to maximal motor nerve stimuli, and contraction of 
the nictitating membrane. This compound appears to undergo rapid cycliza- 
tion at neutral pH (0.02 M solutions in 0.16 M NaHCCh attained maximal 
Cl -1 evolution in 2 minutes) and its cholinergic effects may be ascribed to the 
resultant quaternary onium cation. These effects closely resemble those fol- 
lowing the administration of methyl /3-chIoroethyl ethyleniraonium ion to cats 

(5) . 

Evidence of adrenergic block in cats was manifest by reversal of blood pressure 
responses to injected epinephrine and by a reduction in the contractile responses 
of the nictitating membrane to cervical sympathetic stimulation. The latter 
was the more resistant to block. All of the compounds tested which had shown 
a protective effect in mice, caused some degree of adrenergic block in cats. There 
was little correlation of the potency on the 2 test objects, although larger doses 
were always required to induce adrenergic block in cats (table 1). In some cases 
reversal of the bleed pressure responses to epinephrine was incomplete and the 
use of higher doses of the agent was prevented by its toxicity (dimethyl /3-chloro 
/3-phenylethyI amine). In general, all the adrenergic blocking agents tested 
blocked vasopressor responses to injected nor-epinephrine and epinephrine and 
had little effect on vasodepressor responses to epinephrine and isopropyl nor- 
epinephrine. In an occasional cat nor-epinephrine caused a slight fall in blood 
pressure after dibenaminc. 

Response to injected epinephrine was tested up to 30 minutes after a single 
dose of an agent. This would cause a low estimate of the potency of compounds 
which attain maximal effect more slowly than dibenamine. 

Isolated tissues. Rabbit duodenum. As reported by Nickerson and Goodman 

(6) , dibenamine had no effect on the reaction of this preparation to epinephrine. 
However in concentrations of 1:10,000 benzyl bis /3-chloroethyl amine and 
a-napthylmethyl bis jS-chloroethyl amine prevented the inhibition of the spon- 
taneous contractions caused by epinephrine. The significance of this in vitro 
effect is uncertain. 

Rabbit uterus. Non-pregnant rabbit uterus showed contractile responses to 
epinephrine which were completely blocked by dibenamine (1 : 100,000 and less). 
This effect was resistant to repeated washing. 

Papillary mxisclc. While Nickerson and Goodman (6) found that dibenamine 
had no effect on the positive inotropic action of epinephrine as judged by changes 
in pulse pressure, it was of interest to test this directly using the papillary muscle 
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technique. Dibenamine had no effect on the excitatory response to epinephrine, 
nor-epinephrine, or isopropyl nor-epinephrine (table 2). Benzyl bis /S-chloro- 


TABLE 1 


Mortality of LDi o_ioo of epinephrine in mice after certain 2-chloroelhyl amines 


R 

R' 

I.S'T.* 

dose (jfcu./KGtr.) 




3BD 

E9 


m 


ADRENERGIC 

BLOCK— 

CATt 


R 

Mono-2-chloroctbyl amines: N— CBjCHjC] 

R^ 


benzyl 

benzyl a> b 

30 

1 0/3ojo/105/lQ 






10 

o-methylbenzyl 

o-methylbenzyl“' b 

30 

0/10 5/10 







15 {inc.) 



120 

10/10 









m-methylbenzyl 

m-methylbenzyl 8 * b 

30 

0/10 

0/10 4/10 







o-chlorbcnzyl 

o-chlorbenzyl*' b 

30 , 

10/10 







| 




120 1 

9/10, 



1 






p*isopropyIbcnzyl 

p-isopropyl benzyl 8 * b 

30 

0/10. 



1 






ct-naphthylm ethyl 

ethyl c 

30 

1 0/20 0/10 0/10 0/20 0/10 0/10 3/20 

8/10 


methyl 

methyl® 

30 

[10/10 

1 

1 


! 

1 

1 

; 

20 fine.) 



120 

10/10 









phenyl 

cthyl d 

30 

7/10 











120 

9/10 










R 


2-cbloTO, 2-phenyletbyl amines: N — CH iCH— -Cell i 

v/ 


methyl 

j methyl 8 

30 

inomo\o/ 2 o [ o/w\o/io\s/io 




benzyl 

| benzyl*- 1 ' 

m 

,°/l°) (III 





phenyl^ 

benzyl b 

0-phenylethyl d 

'Y-pheoylpropyl d 

o-chlorobenzyl d 
p-chlorobenzyl®' b 

<t-naphthylmetbyl c 
p-nitrobenzyl a * b ’ A 

mcthyl b ' d 


Bis 2-chloroethyl amines: R— N=(CH:CHjC1)i 


30 

120 

30 

30 

30 

120 

30 

30 

120 

30 

30 

120 

30 


10/10 
10/lOj 

3/10 2/10 o/io o/io o/io ( o/io ( '4/io;8/io; 

0/10 3/30, 

io/io ! 

1/10 0/10 1/10 0/10)1/105/10; 

4/10 4/io!?/jo! 

7/10 

9/10| | I 

J/10 0/JD 0/10 0/10 0/JD 0/10’4/IOj 


10 / 10 ’ 

9/10, 

7/10 


* Interval between administration of agent and injection of epinephrine, 
t Approximate dose (mgm./kgm.) causing epinephrine reversal. 

The author gratefully acknowledges samples of compounds from the following sources; 
a The Lilly Research Laboratories, Eli Lilly and Company, Indianapolis, Ind. 
h Chemical Corps, U. S. Army, 
c Parke, Davis and Company, Detroit, Michigan, 
d Merck A Company, Inc., Rahway, N. J. 


ethyl amine was also without effect. These agents alone did not influence the 
contraction of the papillaiy muscle. 

Duration of the adrenergic blockade. Cross-circulation. Experiments were 
performed in cats to test the possibility that circulating dibenamine might per- 
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sist for some tune after mtravenous administration One of a pair of cats was 
given a dose of dibenamme intravenously which corresponded to 20 mgm /Lgm 


TABLE 2 

Response of the isolated papillary muscle to epinephrine after adrenergic "blocking 
agents 


muscle 

DRUO 

CONCENTRATION 

CHANCE IN RE 
SPONSE (MU ) 


Epinephrine 

1 1,000,000 

10 -.24 


Benzyl bis 0 chloroethyl amine 
+ Epinephrine 

1 500,000 

1 1,000,000 

10 — ♦ 28 


Benzyl bis 0 chloroethyl amine 

1 + Epinephrine 

1 250,000 

1 1,000,000 

12-.-32 

#2 

Epinephrine 

1 1,000,000 



a napthylmethyl ethyl 0 chloroethyl amine 
+ Epinephrine 

1 500,000 

1 1,000,000 

■ 

ft 3 

Epinephrine 

1 1,000,000 

17 — » 22 


Dibenamme 

+ Epinephrine 1 

1 500,000 

1 1,000 000 

8 — > 22 


Dibenamme i 

+ Epinephrine 

1 50,000 1 

1 1,000,000 

4 — * 17 


TABLE 3 


Cross circulation experiments in cats 


EXPERIMENT 

j INTERVAL APTER 
DIBENAMINE 
BEFORE MIXING 

DURATION OF 

BLOOD PRESSURE RESPONSE OP RECIPIENT CAT 
(MM.Hg) TO EPINEPHRINE (MICRO Git/ KGM ) 


10 

30 

100 


mm 

mm 




A 

— 

0 

+66 (control) 




15 

30 

+26 

+26 


B 

— 

0 

+66 




40 

30 

-20 

-32 -» +31 

-26 

c 

— 

0 

+106 




40 

30 

+20 

+53 


D 

— 

0 

+100 




270 

30 

+50 




of the weight of both cats After an interval the circulations were allowed to 
mix, again interrupted, and the recipient cat tested for evidence of adrenergic 
block by the blood pressure response to injected epmephrme The results are 
shown m table 3 Definite evidence of adrenergic block m the recipient cat was 
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obtained 15 and 40 minutes after the administration of dibenamine to the donor, 
and in one cat an effect was still present after 4.5 hours. Mixing of a dye which 
is confined to the vascular space is complete in this preparation after 5 min utes 
of cross circulation (7). Cross circulation alone had no effect on the blood pres- 
sure at about the same level. These findings indicate that circulating dibenamine 
may persist for several hours after a single dose. 

Protection experiments in mice. Additional evidence for the persistence of 
dibenamine is provided by experiments which utilized the ability of thiosulfate 
ion, when administered prior to dibenamine, to prevent the development of 
adrenergic block. Thiosulfate ion is distributed to the extracellular space and 
is rapidly cleared by the kidney (8). Cats given sodium thiosulfate 0.5 

TABLE 4 


Mortality of LD^x of epinephrine in mice receiving sodium thiosulfate followed by 

adrenergic blocking agents* 


INTERVAL BE- 
TWEEN AGENT 
AND EFINEPH- 

DIBENAMINE 

g-NAPHTHYI.METHYL ETHYL 
(9-CHLOROETHYL AMINE 

DIMETHYL /3-CHLORO 
0-PHENYLETHYL AMINE 

BINE (MIN,) | 

1 

Dosef 

Mortality 

j Dose 

Mortality 

Dose 

Mortality 

30 

20 

16/20 

j 20 

0/10 

1.0 

9/10 




1.0 

0/10 






0.25 

7/10 



60 

20 

8/10 





120 

20 

0/10 

20 

0/10 

1.0 

10/10 

: 



1.0 

0/10 






0.25 

9/10 



240 | 

20 

2/10 






* Sodium thiosulfate 1.0 gm./kgm. administered subcutaneously 30 min. prior to adren- 
ergic blocking agent. Dose of epinephrine 20 mgm./kgm, 
t mgm./kgm. 


gram/kgm. intravenously, followed by dibenamine 20 mgm./kgm. intravenously, 
showed pressor responses to injected epinephrine when tested 30 minutes later, 
but after an interval of 2 hours showed typical epinephrine reversal. Similarly, 
mice which received sodium thiosulfate followed by dibenamine showed no pro- 
tection against the lethal effects of epinephrine when tested 30 or 60 minutes 
later (table 4). However, when epinephrine was given 2 and 4 hours after di- 
benamine in similar experiments protection was evident. This delayed epineph- 
rine protection is manifest after an interval allowing for excretion of thiosulfate 
and indicates the slow transformation of dibenamine in vivo. Similar thiosulfate 
experiments with a-napthylmethyl ethyl 0-chloroethyl amine and dimethyl 
/3-chloro (3-phenylethyl amine failed to show this delayed protection (table 4) 
and indicate a more rapid transformation in vivo of these compounds than of 
dibenamine. 

The ability of thiosulfate to prevent the adrenergic blocking effect of a-napthyl- 
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methyl ethyl /3-chIoroethyl amine is limited. Thus, thiosulfate prevented the 
protective effect of 0.25 mgm./kgm. of this agent but did not alter the effect 
of larger doses (table 4). Similarly in cats, even after large doses of thiosulfate 
(1 gram/kgm.) adrenergic block sometimes followed the injection of dibenamine, 
20 mgm./kgm., administered 5 minutes later. 

Thiosulfate had no effect on the protective action of dibenamine in mice when 
given subsequent to the dibenamine. Likewise cats which had received diben- 
amine 20 mgm./kgm. showed no change in the adrenergic block when large 
amounts of sodium thiosulfate were given. 

Tile duration of the protection afforded mice against the lethal effects of epi- 
nephrine was compared for 3 adrenergic blocking agents (table 5). The duration 
of effect of both dibenamine and a-nnpthylmethyl ethyl /3-chloroethyl amine was 
similar while dimethyl 0-chIoro /3-phenylethyl amine showed a less prolonged 
action. 


TABLE 5 

Mortality of LDjo-ioo of epinephrine administered to mice at varying intervals after 
adrenergic blocking agents 


interval between acent and 

EPINEPHSINE 

DIBENAMINE 

a-NAPirniYXMETnyi. 
ETHYL /J-CHLOROETHYL 
AMINE 

DIMETHYL 0-CHLOEO 
g.pHENYLETHYL AMINE 

Dose* 

Mortality 

Dose 

Mortality 

Dose 

Mortality 

30 min. 

20 

0/10 

0.5 

0/10 

2 0 

0/10 

5 hr 30 min. 

20 

0/10 

0.5 

0/10 

2.0 

4/10 

13 hr. 

20 

0/10 

5 

1/10 

5 

9/10 

24 hr. 

20 

0/10 

0 5 

8/10 

2 0 

9/10 

40 hr 

20 

8/10 

0.5 

8/10 




* mgm /kgm. 


Discussion. A considerable number of /9-chloroethyl amines have been shown 
to possess adrenergic blocking activity. The specificity of structure of active 
agents is not striking but all are tertiary substituted /3-halogenated amines in 
which at least one of the substituted groups is an aromatic ring separated by at 
least one C atom from the N atom. The following aromatic groups have been 
present in active compounds: phenyl, a-napthyl, benzhydryl, and biphenoxy 
(1, 2). Substitution on such aromatic groups may reduce activity by altering 
the ability of the compound to undergo cyclization. Comparisons of the rela- 
tive potency of such compounds is rendered difficult by the fact that maximal 
effects are reached at different rates. However, of the agents studied thus far, 
the a-napthylmethyl /3-halogenated ethyl amines appear the most potent. 

The aromatic group may be located on the chloralkyl group in an active com- 
pound as evidenced by dimethyl /3-chloro /3-phenyl ethyl amine. While this 
compound is too cholinergic to possess therapeutic potentialities, the possibility 
exists that analogues in which the methyl groups were replaced by higher alkyl 
radicals might have less of these undesirable effects. 







184 


CARLTOX C. HUNT 


Evidence is presented which indicates that dibenamine is transformed slowly 
in vivo. However, a-napthyhnethyl ethyl jS-choroethyl amine appears to undergo 
more rapid transformation in vivo and j r et has an action as prolonged as that of 
dibenamine. The marked insolubility of dibenamine at physiological pH may 
be an important factor in determining its reactivity. Because of these solubility 
characteristics it is probable that dibenamine has considerable lipoid affinity 
in vivo. The slow rate of transformation of dibenamine does not appear responsi- 
ble for its prolonged action. Rather, there is good evidence that the union be- 
tween dibenamine and the effector cell is of long duration. Thus, large doses 
of thiosulfate do not alter the adrenergic block once dibenamine has been given. 
In vitro, the effect of dibenamine in blocking excitatory responses of the non- 
pregnant rabbit uterus to epinephrine is resistant to repeated washing. The 
nature of this prolonged effect upon the effector cell may be due to a firm fixation 
at a receptor surface (perhaps analagous to atropine), or, as suggested by Nick- 
erson and Goodman (6), to the irreversible inactivation of some hypothetical 
enzyme system essential for excitatory responses of effector cells to epinephrine 
or excitatory sympathins. Both require the additional explanation of why ex- 
citatory responses of the heart to injected epinephrine or to splanchnic stimula- 
tion persist after dibenamine (6). The implication is that adrenergic receptors 
of the heart differ from receptors elsewhere in muscle effectors which respond to 
epinephrine by excitation. This is supported by the finding that isopropyl nor- 
epinephrine, which is exclusively vasodepressor, causes excitation of the heart. 
Changes in heart rate may thus fail to be purely a measure of the release of ex- 
citatory sympathin. 

SUMMARY 

1. A series of /3-chloroethyl amines has been studied for evidence of adrenergic 
blocking activity by their ability to protect mice against lethal doses of epineph- 
rine. Active agents were tested for the production of adrenergic block in cats. 

2. From data reported herein and elsewhere, it appears that activity resides 
in tertiary /3-halogenated amines substituted with certain aromatic groups sepa- 
rated by at least one C atom from the N atom. 

3. Evidence is presented that dibenamine is transformed slowly in vivo. This 
does not appear to be responsible for the prolonged action of this and related 
compounds. 

4. The absence of an effect of such adrenergic blocking agents upon the ex- 
citatory response of the heart to epinephrine is confirmed using the papillaiy 
muscle technique. 
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THE ANTIDIURETIC EFFECT Or 3-IIYDROXY-CINCHONINIC ACID 
DERIVATIVES 1 

E K MARSHALL, Jr and K C BLANCHARD 
Department oj Pharmacology and Experimental Therapeutics, The Johns Hophtns University 
Rccci\ ed for publication October 27, 194S 

The present communication presents data on the antidiuretic effect of certain 
dem atives of emchonmic acid A number of these same cinchonmic acid deriva- 
tives have been found to cause an increased excretion of uric acid in man (1,2) 

Methods The antidiuretic effect of the compounds was tested on a water diuresis in 
the dog Female dogs were used These had been trained and were accustomed to the 
passage of a stomach tube, catheterization, and venipuncture Several of the animals w ere 
subjected to perineotomy in order to facilitate catheterization Diuresis w as produced by 
giving about 40 cc of w ater per kilogram by mouth Usually, urine w as obtained by cathe 
ter every fifteen minutes After diuresis had been established an intravenous injection of 
one of the compounds was given and the effect on diuresis noted Precautions were taken 
to avoid the inhibition of water diuresis produced by emotional stress or afferent nerve 
stimulation (3, 4, 5) 

All compounds were first given m a dose of 20 milligrams per kilogram, a solution of the 
sodium salt was used If effective, smaller doses w ere then used All compounds have been 
tested on at least tw o dogs 

Creatinine clearance w as determined in the usual manner Creatinine w as given subcu 
taneously about one half hour and water one half and one hour before starting clearance 
measurements Creatinine was determined by the Tolin method (6) Clearance periods 
varied from 10 to 22 minutes in length 

Preparation of compounds All of the cinchonmic acid derivatives other than the 
2 phenyl derivative (cinchophen) were prepared in this laboratory Quminic acid (6 meth- 
oxycinchomnic acid) was obtained by saponification of ethyl quinmate kindly supplied by 
Dr Joseph B Koepfli New methods for the synthesis of 3 hy dro\y 2 methylcmchommc 
acid and of 3 hy droxy 2 phcnylcmchonmic acid were devised to facilitate the preparation of 
these substances in quantity These methods are described below The remainder of the 
cinchonmic acids were prepared by established methods as follows 2 hydroxy 3 phenylcin- 
chonimc acid by the method of Gysae (7), 2 hydroxy cinchonmic acid by the method of 
Borsche and Jacobs (8), 2 hydroxy 3 methylcmchommc acid by the method of Meyer (9), 
2 methylcmchommc acid by the method of Pfitzmgcr (10) and both quinaldine 3,4 dtcar- 
boxylic acid and quinoline 2,3,4 tricarboxylic acid by the method of Mitchovitch (11) 

3 Hydroxy quinaldine 4 carboxylic Acid This substance has previously been prepared by 
diazotization of 3 aminoquinaldine 4 carboxylic acid (Berlmgozzi and Marzella, 12) and by 
dimethylation of 3 methoxy quinaldine 4 carboxylic acid (Diethey andThelen, 13) Isatin 
(73 5 gm , 0 5 mole) was added with shaking to a cold solution of 350 gm of 97 7 per cent 
sodium hydroxide in 1000 cc of water contained in a 3 liter flask When the isatin had dis 
solved, 70 gm (20 per cent in excess of the theoretical amount) of technical acetol ace 
tate were added and the mixture was heated under reflux m an actively boiling water bath 
for 6 hours, then cooled to room temperature by immersion of the reaction flask in running 
water Concentrated hydrochloric acid (approximately 600 cc ) was then added until 
precipitation of the product began, then 100 cc of glacial acetic acid were added After 
standing overnight at room temperature, the product was collected on a 150 mm Buchner 
funnel, washed w ith four 75 cc portions of water and sucked as dry ns possible The crude 
product was suspended in 1200 cc of water, brought into solution by the addition of 40 cc 

1 This investigation has been aided by a grant from the U S Public Health Service 
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of 28 per cent ammonia water and the resulting solution filtered. To the filtrate, 110 cc. of 
0 N acetic acid were added slowly with continuous stirring. After several hours at room 
temperature, the product was collected on a Buchner funnel, washed with six 50 cc. portions 
of water, sucked as dry as possible, air dried for a few days and then dried to constant 
weight at 60°. Yield, 91.4 gm. (90 per cent of the theoretical yield) of buff colored micro- 
crystalline powder, m. pt. 204-206° with gas evolution. 

3 -lly droxy-2-phen ylcinchonini c Acid. This substance has previous!}’ been obtained by 
the Pfitzinger condensation of isatin with phenacyl bromide. In our experience, the sub- 
stitution of pbenacylacctate for the halide and the use of less concentrated alkali for the 
conduct of the condensation results in markedly enhanced yields of cleaner material than 
s obtained by the previously published methods of synthesis (14, 15). 

TABLE 1 

Anlidiuretic effect of Cinchoninic acids 


5 COOH 



8 N 


NO. 

SUBSTITUENTS 

EFFECT 

l 

2-methyl-3-hydroxy 

+ 

2 

2-hydroxy-3-methyl 

— 

3 

2-methyl 

- 

4 

2-methyl-3-carboxy 

— 

5 

2-hydroxy 

- 

6 

6-methoxy 

— 

7 

2-3-dicarboxy 

— 

8 

2-phenyl-3-hydroxy 

++ 

9 

1 2-hydroxy-3-phenyl 


10 

2-phenyl 



The minimal quantity of a solution of 83 gm. of 97.7 per cent sodium hydroxide in 275 cc. 
of water necessary to effect solution was added to a suspension of 73.5 gm. (0.5 mole) of isa- 
tin in 600 cc. of water contained in a 3 liter flask. To the solution obtained, there was 
added first, a solution of 90.S gm. (0.51 mole) of phenacyl acetate in 500 cc. of warm ethanol 
and then the remainder of the solution of sodium hydroxide. The mixture was refluxed 
over a free flame for three hours and allowed to remain at room temperature overnight. It 
was then diluted with 1300 cc. of water and filtered to remove tarry material. To the filtrate 
with constant stirring there was added in order 165 cc. of concentrated hydrochloric acid 
and 55 cc. of glacial acetic acid. After remaining at room temperature overnight, the pre- 
cipitated product was collected upon a 150 mm. Buchner funnel, washed with four 50 cc. 
portions of cold water and transferred to a 4 liter beaker containing 1500 cc. of water. The 
solid was brought into solution by the addition of 40 cc. of 28 per cent ammonia water and 
filtered from a slight amount of insoluble matter. To the filtrate 100 cc. of 6 N acetic acid 
were added and, after several hours at room temperature, the product was separated by 
filtration, washed with four 75 cc. portions of water, dried at room temperature for a few 
days and then at 60° until constant weight was attained. Yield, 10S.7 gm. (82 per cent of 
the theoretical) of deep yellow microcrystalline product, m. pt. 206-207° with decom- 
position. 

Results. Ten cinchoninic acid derivatives were tested. Results arc given 
in table 1. Only two of the compounds exhibit an antidiuretic effect in an intra- 
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\ enous dosage of 20 milligrams per kilogram Of these two, the phenyl deriva- 
tive appears to be more potent than the methyl derivative Data of experiments 
■u ith three doses of the 3 hydroxy-2-phenylcmchomnic acid are given in figure 1 
In figure 2, data on the effect of the same compound are given, here rate of urine 
flow v as measured every tw o minutes 

The relation of rate of urine flow and creatinine clearance for the two active 
compounds is shown in table 2 The creatinine clearance appears to be un- 
changed during the periods of low est rate of urine flow 



TIME IN MINUTES 

Fig 1 Effect of % hydroxy 2 phenyicinchoninic Acid on "Water Diuresis in Dog — 
Brownhead Hound, 17 5 Kgm 

At zero minutes, 40 cc of water per kgm given by mouth Rate of urine flow plotted 
at middle of collection period At arrows drug given intravenously on different days 

— • 9 — control, no drug, — O O — 20 mgm /kgm , — A A — 8 mgm /kgm , 

— O O — 3 mgm /kgm 

Experiments were done to test the efficacy of oral administration of one of the 
drugs Figure 3 gives the data of one of these experiments 

The 3 hydroxy-2 phenylcinchomnic acid has been tested on tw o “neuro- 
hypophysectomized” dogs In two experiments on one dog a marked anti 
diuretic effect on a water diuresis was obtained, in two experiments on the 
other dog a slight antidiuretic effect was observed We are not reporting the 
results m detail because complete lack of posterior hypophyseal tissue has not 
yet been confirmed on these dogs and because further experiments on “neuro 
hyp ophy sect omized” dogs are in progress This derivative has also been found 
to produce a definite reduction in the polyuna and polydipsia when given by 
mouth to several cases of diabetes insipidus 2 

2 We wish to thank Dr Richard de Bodo of the Department of Pharmacology, New York 
University, for performing these preliminary experiments on his “neurohypophysecto 
mized” dogs Three cases of diabetes insipidus were studied here We are indebted to Dr 
Stanley E Bradley of the Presbyterian Hospital for giving the drug to other cases These 
studies are being continued and will be reported in detail later 
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Fig. 2. Effect of 3-hydroxy-2-phenylcinchoninic Acid on Water Diuresis in Dog — 

Spot, 12 Kgm. 

Observations started one hour after administration of 40 cc. water per kilogram by 
mouth. Urine flow recorded every two minutes. At zero minutes, intravenous injection 
of 3 mgm./kgm. of drug. 


TABLE 2 

Urine flow and creatinine clearance 


DRUG* 
NO. | 

DOSE 


1 

2 

3 

4 

D 

6 ■ 

7 

1 

1 

Urine Flowf 
Clearance! 

1.17 

121 

2.45 

107 

1.78! 

97 

0.36 

102 

0.44 

105 

1.30 

104 

2.50 

102 

1 

10 

Urine Flow 
Clearance 

1 

7.21 

92 

2.32J 

80 

0.62 

95 

2.7S 

101 



3 

10 

1 

1 

Urine Flow 
Clearance 

B 

8.00 

97 

0.78! 

60 

0.40 

89 

0.3S 

91 




10 

Urine Flow 
| Clearance 

0.85 

GO 

1 

2.57 

I 75 

HI 

1.06! 

47 

mm 

0.44 

68 



* See Table 1. 

t Both rate of urine flow and creatinine clearance are expressed as cc. per minute. 
| Drug injected intravenously just before start of this period. 


Discussion. An inhibition of water diuresis may be caused by either a 
decrease of glomerular filtrate (due generally to circulatory changes) or an 
increased reabsorption of water by the tubule. The first type of inhibition is 
usually rapid in onset and of short duration, while the second type is slower in 
onset and of longer duration than the first (5). This suggests that the inhibition 
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caused by the cinchoninic acid derivatives belongs to the second type. That 
this is so is shown by an examination of the creatinine clearances. If it is as- 
sumed that the creatinine clearance measures glomerular filtrate in the dog, it 
is clear that the rate of glomerular filtration is not appreciably changed during 
the inhibition of diuresis caused by the drug. However, a decrease in the 
creatinine clearance may occur in the first period after intravenous injection of 
drug; this occurs before the most marked decrease in rate of urine flow, and may 
be due to a secondary transient vascular effect of the drug. 

A number of drugs besides posterior pituitary extract have been found to 
inhibit water diuresis. Examples are: /3-imidazoyIethylamine and 0-oxyphenyl- 



TIME IN MINUTES 

Fia. 3. Effect of 3-hydroxy-2-fhenylcinchoninic Acid on Water Diuresis in Doa 
When Given Orally. Dog — Brownie, 18 Kgm. 

At zero minutes, 700 cc. of water by mouth. control, no drug. ; 

30 mgm./kgm. of drug given in gelatin capsules fifteen minutes before administration of 
water. 

ethylamine (16), atropine (17, 18, 19), yohimbine (20, 21), choline (22), acetyl- 
choline (22, 23), morphine (24), phenobarbital (25), and nicotine (26). How- 
ever, of these all which have been investigated as to their mechanism of action 
(yohimbine, acetylcholine, nicotine, morphine and phenobarbital) appear to 
produce their antidiuretic effect by an action on the central nervous system 
causing liberation of the antidiuretic hormone of the posterior pituitary gland. 
The 3-hydroxy-2-phenylcinchoninic acid appears to act quite differently in that 
it appears to be effective in neurohypophysectomized dogs and in cases of 
diabetes insipidus. 

SUMMARY 

A number of cinchoninic acid derivatives have been examined for their anti- 
diuretic effect in the dog. The 3-hydroxy-2-methyl and 3-hydroxy-2-phenyl- 
cinehoninic acids have an inhibitory effect on a water diuresis. 
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In China, for many centuries, a medicinal herb called Ch‘ang Shan has been 
known for its antimalanal action (2-3) Its emetic and cathartic effects have 
also been described The root is employed in medicine, although the leaves 
are also believed actne The above-mentioned Chinese references give dnec- 
tions how to make a tea, a wine, or pills of the dried root of Ch'ang Shan, for the 
control of various forms of malaria The plant, an evergreen shrub, is indigenous 
to Southwestern China After the introduction of quinine m China, Ch‘ang 
Shan gradually became a remedy of only local interest — namely in Yunnan 
and Szechuan Pro\ inces 

There is much confusion about the botanical identity of Ch'ang Shan Some 
authors named it Onxa japomca (4-5), while others called it Dichroa febnfuga 
(6) Still other terminology was discussed by Yang (7) Although there has 
been no final verification, most investigators accept Dichroa febnfuga as the 
correct name The pharmacognosy of Ch'ang Shan and its cultivation have 
recently been presented by Yu (8) 

Several Japanese workers became interested in Ch'ang Shan, and studied 
its history, histology, and geographical distribution (9-10) Terada and his 
co-workers failed to show the efficacy of the infusion of Ch‘ang Shan in the 
Plasmodium infection of canaries (11) They, too, ran into controversy ovei 
its botanical identity (9, 12-13) Since Terasaka’s chemical investigation (13) 
was carried out with the Japanese variety of Onxa yapomca, his results do not 
apply to Ch‘ang Shan 

During the Japanese occupation of Eastern China m World War II, the 
Chinese government w as forced to move to Chungking, a city m Southwestern 
China With it, was the migration of large masses of people from coastal and 
central provinces Unfortunately, Southwestern China is a pandemic area of 
different forms of malaria A large portion of the new population, including the 
governmental and military personnel, fell victims of malaria, and sustained a 
high mortality rate Meanwhile, the Dutch East Indies were lost to the Japa- 
nese, resulting in a cut-off of 90 per cent of the world’s supply of quinine to the 
allies Under this desperate condition, the Chmese immediately directed their 
attention to crude drugs of their own, including Ch'ang Shan 

Scientific studies were initiated in Chinese governmental laboratories Al- 
though the preliminary note of Liu and his associates (14) was not enlightening, 
their results with the crude pow der m humans seemed to indicate that the herb 

1 Read m part at the Tall Meeting of the American Physiological Societj at Minneapolis, 
Minnesota, on September 17, 1948 (1) 


191 



192 


HENDERSON, ROSE, HARRIS AND CHEN 


was efficacious in the treatment of tertian malaria. The work was continued at 
the National Institute of Health by Jang and his colleagues (6, 15-17), and the 
therapeutic effect of the extract of Ch'ang Shan in 13 clinical cases was con- 
firmed. Progress was made when Chou and his co-workers (18-19), at the 
Institute of Materia Medica, Shanghai, announced the isolation of 3 isomeric 
alkaloids in crystalline form, of which y-dichroine was the most active in 
gallinaccum infection of chickens. 

In the United States, the Board for the Coordination of Malarial Studies 
became interested in Ch'ang Shan, and assigned to it the survey number 
SN-10,767 (20). In cooperation with the Board, our laboratories purchased in 
the fall of 1942 360 pounds of Ch'ang Shan from Chinese drug shops in different 
localities — Honolulu, San Francisco, Vancouver, B. C., Chicago, New York 
City, and Havana. In addition, we imported 500 pounds from Chungking, 
China, by an American military plane. Koepfli, Mead, and Brockman (21), 
using the extracts we prepared, succeeded in isolating 2 isomeric alkaloids, one of 
which, febrifugine, is about 100 times as active as quinine (Q value of 100) 
against P. lophurae in ducks. Kuekl, Spencer, and Folkers (22), working 
independently, also obtained 2 isomeric alkaloids having Q values of 8 and 16, 
respectively, against P. gallinaceum in chicks. It is interesting that the proposed 
empirical formula of the two groups of American investigators is the same, 
namely, CieHisOjNa. It also agrees with the formula of the Chinese workers, 
published in their preliminary note (18), but differs from the revised formula of 
their second paper (19) by 2 atoms of hydrogen. 

Ch'ang Shan has been studied in England by Tonkin and Work (23) and 
Hooper (24) . The latter separated a glucoside, but failed to find any alkaloids. 

Dr. T. Q. Chou, Director of the Institute of Materia Medica, Shanghai, made 
available to us a generous supply of y-dichroine. Our study was limited to the 
estimation of its antimalarial activity, determination of its activity, and assess- 
ment of its effects on blood pressure, respiration, gastrointestinal tract, blood 
sugar, and body temperature. The material was crystalline-white, was in 
needle-form under the microscope, and melted at 160°C. (corrected). The 
alkaloid required dilute acid for solution — a volume of 3.42 cc. of N/100 IICl 
for every 10 mgm. of y-dichroine. For pharmacologic experiments, a fresh stock 
solution of 0.1 per cent was prepared, 

1. Antimalarial Activity, (a) Ducks. The method of study was similar to 
1-2 already described (25), with certain modifications. Briefly, ducklings, 4- 
weeks-old, were infected with P. lophurae by transfusion of blood from another 
duckling previously infected with the same organism. The infecting dose 
was 2 billion parasitized red cells per kgm. of body weight. Each animal was 
treated with y-dichroine by intravenous injection within the first 4 hours, and 
again within S hours, after inoculation. The medication was continued for 
5 days, 3 times a day. On the sixth day, parasitized erythrocytes were counted 
on thin films. Control animals with quinine, and without any medication, were 
run at the same time. A total of 134 ducklings were used. 

The results are summarized in table 1. It should be observed that ducklings 
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stomach tube to rhesus monkeys infected with P. cynomolgi. Since Dr. S chm idt 
will publish his results in detail, it suffices to mention that doses of 7-dichroine 
ranging from 0.4 to 0.8 mgm. per kgm. definitely reduced the parasitemia, and 
one of l.G mgm. per kgm. cleared the blood stream of parasites to such an extent 
that a thick film showed no count (26). 

"• Toxicity. The acute toxicity of 7-dichroine was determined in starved 
albino mice by both intravenous and oral administration. These studies were 
made on the same day, with the same solution, and on the same group of mice. 
Death occurred in 48 to 72 hours. As shown in table 2, the median lethal dose 
(LD60) by mouth is 2.74 ± 0.41, and by vein, 10.0 ± 0.50, mgm. per kgm. It is 
of particular interest that this alkaloid is approximately 3% times as toxic when 
given orally than by vein. 

Repeated intravenous injections at different dose levels were given to mice in 
an attempt to obtain some knowledge of any pathology which might occur. 
Necropsy was performed immediately following the death of the animal. Table 3 


TABLE 2 

The acute toxicity of y-dickroine in mice 


ROUTE OF ADMINISTRATION 

DOSE 

NUMBER DIED 

NUMBER USED 

LDu ± S. E. 


mgm /kgm. 


mgrtt fkim. 

Intravenous 

8.0 

1/10 

10.0 ±0.5 


10.0 

5/10 



12.5 

9/10 


• 

16.0 

10/10 


Oral 

0.625 


2.74 ± 0.41 


1.25 




2.5 

2/10 



5.0 

9/10 



8.0 




summarizes the results of this work. Of the 27 animals which came to necropsy, 
one animal showed parenchymatous degeneration of the kidney with some 
necrosis. Twelve animals (44.4 per cent) showed hydrops of the liver char- 
acterized by large, vacuolated hepatic cells, as illustrated in figure 1. The 
same lesion occurred after 7-dichroine was injected subcutaneously or intra- 
peritoneally (table 3). 

8. Emetic Action. 7-Dichroine produced vomiting in pigeons. Mien it was 
administered by vein to starved pigeons, the initial episode of vomiting occurred 
in 15 to 30 minutes. This was followed by repeated attacks of vomiting at 
5- to 10-minute intervals. The incidence of vomiting with different doses over 
the number of birds used is as follows: | on a dose of 0.1, f on one of 0.2, and % 
on one of 0.3, mgm. per kgm. The median emetic dose (EmDso) is 0.132 rfc 0.04 
mgm. per kgm. It would appear that 7-dichroine is responsible for vomiting 
in man when Ch'ang Shan or its extract is used in the treatment of malaria 
(2,3,0,14,15). 
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j Effect on Respiration and Circulation Because of the small amount, of 
material a\ailable, studies on icspiration and cuculation wcie limited Dogs 
under ‘Sodium Amytal’ (Sodium Iso am\l Ethjl Baibituiate, Lilly) anesthesia 



Fir. 1 Hydropic Drorst ration oi the Li\er 
Mouse 1, weighing 2t 5 gin rccci\cd i d uh dose of 4 mgm per kgm of y dichioine by 
intrapen tone'll injection It died following the eighth dose 


T\IJLL 3 


Results of lepiated injection'} of y dtehrame in w icc 


DOSF 

NUMBER OF 
ANIMALS j 

1 AYER ACE 
VLMBFR OF 
| INJFCTJONS 
; PER MOUSE j 

R >\ TE OF 
ADMINISTRATION 

Nl UBER TO 

vtcr rs\ 

P VTH ILf GY 

mgm f 
kgm 

2 

5 

14 

Intr ucnous 

5 

1 

1 II\ drops of Ii\cr, 1 pjrcncln 

4 

5 

8 

Intravenous 

4 

m itoua dogi ncr ition of kidno s 
4 Pulmon ir\ edem i and itrophj 

S ; 

5 

4 

Intr ivenoub 

4 

of thj ni us 

2 H> drops of liver 

10 

10 

1 2 

Intra\ cnous 

5 

All showed minimal or alight 

4 

5 

l S 

| Subcut ineous 

j 

4 

h\ drops of livei 

2 H\ drops of liver 

4 

5 

7 

Intr ipentone il 

5 1 

2 Hj drops of liver 


shotted a fall in blood piesbtue of 20 mm Hg following the intravenous injection 
of 4 mgm pei Kgm Theie was a transient mcieasc in lespnatory rate Smallei 
do^Ch, such as one of 2 5 mgm per kgm , pioduced \ery slight changes m both 
blood pressute and lespnation, as exemplified in figure 2 
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5. Action on Intestine. As shown in figure 2, a dose of 2.5 mgm. per kgm. 
of y-dich mine caused an increase in duodenal peristalsis in anesthetized dogs, 
dhe duodenal movements were recorded by a balloon through a Harvard mem- 
brane manometer. The increase in activity began 5 to 10 minutes following 
injection and lasted for 2 to 3 hours. This picture was duplicated in 3 other 
dogs. Following decerebration and pithing, and also double vagotomy, the 
alkaloid produced the same stimulation of intestinal activity. With a tropin iza- 
tion, the stimulating action of y-dichroine was inhibited for a short time. 

In 4 non-anesthetized rabbits, doses of 5 and 10 mgm. per kgm. of the alkaloid 
induced marked diarrhea in 30 minutes following intravenous injection, which 
peisisted for 5 to 6 hours. Ten non-anesthetized rats also developed pronounced 
diarrhea each following a dose of 2.5 mgm. per kgm., 5 by intravenous injection 



'T-DICHBOlNt MUC/K6 


Fig. 2. Action of t-Dichroine on Respiration, Blood Pressure, and Duodenum 

Dog 6816, weighing 6.1 kgm., was anesthetized with ‘Sodium Amytal’, 70 mgm. per 
kgm. Tracings from top down are respiratory movements, duodenal movements, carotid 
blood pressure, time in minutes, and baseline. 7 -Dicliroine was injected intravenously. 

and 5 by oral administration. When isolated strips of the rabbit’s ileum were 
immersed in Locke-Ringer’s solution, y-dichroine inhibited the activity, as shown 
in figure 3. This action is entirely opposite to what may be expected as far as 
diarrhea is concerned. It is also not in agreement with the results in anesthetized 
dogs in which stimulation is the predominant feature of y-dichroine. On account 
of the limited quantity of the alkaloid at our disposal, this phase of the study 
was not continued. 

6. Blood Sugar. The effect of y-dichroine on blood sugar was determined in 
albino rabbits. Fasting blood sugars were determined by the method of Hage- 
dorn and Jensen (27), and the alkaloid was given by vein. Blood samples were 
taken after injection at 15 and 30 minutes, and 1, 2, 3, 4, 5, and G hours. Doses 
of 5 and 10 mgm. per kgm. in 4 rabbits gave very erratic blood sugar curves 
which can best be explained by the severe diarrhea produced, as mentioned 
above. A dose of 2.5 mgm. per kgm. in 3 additional rabbits caused a rise of 
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blood sugar, reaching a maximum m 3 to 4 hours. This dose was not followed 
by dianhea. Figure 4 illustiatcs the blood sugai changes of these 3 animals. 



t r-DICHROINE 10 MGM. 

1 


yr_ t - i — i — t — t — i—i — i—i — r — \ — r~t — I — t — r — i — i — r 

Tig 3 Action of y Dichroine on the Isolated Karhit’s Ilelm 
The final concentration of 7 dichroine in the bith was 1.10,000. Note the inhibition of 
peristalsis which lasted more than 15 minutes 



Fio 4 Action or 7 -Dichroine on Biood Sugar 
The sexes and bodv weights of the 3 ribbits were as follows No 9963, female, 2 0S5kgm : 
No 3187, female, 1 S90 kgm , and No 3191, female, 1 875 kgm Each animal received 
7 dichroine in the dose of 2 5 mgm per kgm intravcnousls 


7. Antipyretic Action . Pievious investigation by Liu and his co-w others (14) 
evealed that the extract of Ch'ang Shan had an antipyietic action. It was 
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thus desirable to test the alkaloid for this action. The method of Smith and 
Hambourger (28) was employed. Briefly, albino rats were injected subcu- 
taneously with a yeast suspension 18 hours prior to the test period. Rectal 
tempera tuies were taken by the use of a thermocouple. Acetylsalicylic acid 
was tested simultaneously and used as a standard for antipyretic activity. As 
shown in figure 5, y-dichroine in a dose of 2.5 mgm. per kgm. orally in 5 rats 
has an antipyretic activity of greater magnitude and longer duration than 
acetylsalicylic acid. The dose of the latter was 25 mgm. per kgm., and the 
number of rats used was also 5. 



Fig. 5. Thu Antipyretic Action or y-Dichhoink 

Each curve represents the average differences of rectal temperature of a group of 5 rats 
from that of a control group of 5 rats, which occupies the st raight line. All animals received 
a yeast suspension IS hours prior to the temperature readings. 

Discussion. y-Dichroine is unquestionably a potent antimalarial alkaloid in 
birds. It is also effective in monkey malaria, and, in all probability, is respon- 
sible for the activity of Ch'ang Shan or its extract in human malaria. These 
results substantiate the observations made by the Chinese many centuries ago. 
It is doubtful, however, that y-dichroine can replace quinine, chloroquine, or 
other antimalarial agents, because it tends to cause nausea, vomiting, diarrhea, 
and hydropic degeneration of the liver in animals. Furthermore, it will be 
extremely costly to manufacture the alkaloid in large quantities from the root 
of the plant. A better plan is to synthesize and investigate the derivatives of 
quinazoline, since the latter is a degradation product of y-dichroine (19). 

Whether or not y-dichroine is identical with febrifugine (21) and alkaloid II 
of Kuehl and his associates (22) will require further investigation. The Chinese 
and American chemists arrived at about the same composition by combustion 
analysis. There is a definite discrepancy, however, in their physical constants. 
All three groups obtained isomeric alkaloids of lower antimalarial potency. 
Direct comparison of the samples from the 3 laboratories is in order. 

It is curious that y-dichroine, in contrast with most other drugs, is roughly 
31 times as toxic to mice orally as intravenously. Xo adequate explanation is 
on hand. Either elimination is extremely rapid by vein, or decomposition 
takes place in the gastrointestinal tract, and the degradation products arc 
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especially toxic to the animal. In our laboratory, it was previously noted that 
the soluble derivatives of 4, 4-diamino-l ,1 -diphenyl sulfone were also more 
toxic by mouth than by vein (unpublished data). 

For want of material, several questions were left completely unanswered. 
The stimulating action of Y-dichroine on the dog’s duodenum and the inhibiting 
action on the isolated rabbit’s ileum need further exploration. Although the 
emetic action following intravenous injection is probably central in origin, it 
deserves more work to exclude the local action. It is also desirable to determine 
how the hyperglycemia is brought about. 

SUMMARY 

1. Y-Dichroine, an alkaloid of Ch'ang Shan, has a Q value of 148 against 
Plasmodium lophurae in ducklings, and a Q value of 137 against P. reliclum in 
canaries. It is also active against P. cynomolgi in monkeys. 

2. 7 -Dichroine in a single dose is approximately 3§ times as toxic to mice by 
mouth than by vein. Repeated administration of 7 -dichroine in mice may 
result in hydropic degeneration of the liver. 

3. 7 -Dichroine induces vomiting in pigeons following intravenous injection, 
the EmDso =fc S. E. being 0.132 ± 0.04 mgm. per kgm. 

4. 7 -Dichroine has no effect on blood pressure and respiration in anesthetized 
dogs in the dose of 2.5 mgm. per kgm., but slightly lowers blood pressure with an 
acceleration of the respiratory rate in the dose of 4 mgm. per kgm. 

5. 7 -Dichroine stimulates duodenal peristalsis in anesthetized dogs, but 
inhibits the activity of the isolated rabbit’s ileum. It causes diarrhea non- 
anesthetized rabbits and rats following intravenous injection. 

6 . 7 -Dichroine produces hyperglycemia in rabbits in the dose of 2.5 mgm. per 
kgm. when injected intravenously. In rats, the same dose when given by mouth 
shows a slightly greater antipyretic action than ncetylsalicylic acid. 

Acknowledgment. The authors are indebted to Messrs. C. E. Powell, H. M. 
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Introduction Heinz bodies, also known as Hemz-Ekrhch-, inner- 01 inclu- 
sion bodies, are retractile granules or particles sometimes found in erythrocytes 1 
These bodies w ere named after the pharmacologist, Robcrtz Heinz, who in 1890 
(2) discovered them in the red blood cells of animals poisoned by certain aromatic 
compounds In general, such formation was limited to phenylhydiazine and 
its derivatives, as v ell as to some aromatic ammo and mtro compounds, although 
hydroxylamme and chlorates were found to have similar action The work of 
Moeschlin and Hurschler (3-7) on the formation of Heinz bodies both in vivo 
and in vitro by certain sulfonamides caused renewed interest in the subject 
Since the initial work of Heinz, more than a hundred investigations have been 
carried out in the attempt to elucidate the chemical nature of Heinz bodies, to 
account for their mechanism, and to devise methods for staining and differentiat- 
ing them from similar particles 

During an investigation of the effect of stibine (antimony hydride, SbH 3 ) 
on experimental animals, the presence of small refractile granules was occasionally 
noted in the erythrocytes of these subjects These granules were first observed 
by us m mice and guinea pigs and later m other species and it was initially 
assumed that they were Heinz bodies In the course of work with other hemo- 
lytic and chemical substances similar inclusion bodies w ere noted This research 
was undertaken in order to investigate their behavior and to establish their 
identity Due to the exploratory nature of the study, fewer animals were used 
in testing each substance than would be necessary for statistical evaluation of 
the data Since this work was incidental to the stibine study, to be reported 
elsewhere, further work is not contemplated at the present time 

Methods of observations of Heinz bodies Using wet preparations of blood, the 
small, colorless retractile granules in the ery throcy tes w ere stained blue with methyl violet 
dye, in the manner suggested by Heinz (2) 

As used in this work, 2 93 grams of methyl violet d>e (C I G80 dye content 88 per cent) 
is shaken with 100 cc of 0 6 per cent sodium chloride solution, filtered and diluted with an 
equal volume of 0 85 per cent NaCl This results in an approximately half saturated 
solution of the dye in 0 73 per cent NaCl In use, a drop of this solution is placed on a 
slide, and covered with a slip containing a small drop of blood on the bottom surface 
After standing for 2-3 minutes the staining of any Heinz bodies present should be nearly 
complete Observations under high power (1400-1500 X) arc best made on thinner fields 
where the red cells are sufficiently separated to enable counts to be carried out Using 
critical illumination and by focusing up and down, blue particles as small as a fraction of a 


1 A reviewr of the extensive literature on Heinz body phenomenon has been given else- 
where (1) 
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micron can be seen, the rolling of the cells during movement facilitating this observation. 
Using this technique, the occurrence of the so-called Rand bodies (8), which might be 
confused with Heinz bodies, was only rarely observed. Almost without exception the 
Heinz bodies were found only in mature red cells, the reticulocytes only rarely showing 
these particles. 

Usually 8 or 10 fields were examined for the presence of Heinz bodies if few were seen. 
However, when these were numerous a count was made, usually 100 or 200 cells being care- 
fully studied. The number of red blood cells having one or more blue particles was deter- 
mined and a rating was made in accordance with the following scheme: 


Percentage showing Heins bodies Evaluation 

Occasional ± 

1 - 10 % + 

11-40% 2+ 

41-75% 3+ 

76-100% 4+ 


During the investigation of this phenomenon a new technique for staining these granules 
in smears was worked out (9). This involved treatment of the fresh air-dried smears with 
0.2 per cent methyl violet in 95 per cent ethyl alcohol for one-half minute. It was found 
that preliminary fixation with methyl alcohol resulted in shedding of many of the particles 
from the erythrocytes and these could be seen on the slide. With the new technique the 
granules were fixed sufficiently to hold them within the cells while they were being stained. 
Some of the granules, however, were removed initially from the cells through trauma 
produced by the smearing operation. For these reasons the number of intraerythrocytic 
particles was much greater in the wet preparations than it was in the fixed slides. Hence 
the former method was preferred except for photographic purposes. By means of a special 
technique, using electronic photofiash equipment (10), photomicrography of Heinz bodies 
in wot preparations was found to be practicable. 

Experimental procedures. A number of chemical substances were used experi- 
mentally In order to investigate the production of so-called inclusion bodies in the erythro- 
cytes, several kinds of experiments being tried. 

In the experiments made in vivo, stibine, a volatile substance, was administered to 
various species of animals in exposure chambers at predetermined concentration levels. 
Ordinarily a single one-hour exposure was used but with higher concentrations the time was 
often shortened. Sulfanilamide was given either by intraperitoneal injection of an aqueous 
solution, of of a suspension in gum acacia, or by using a 0.3 per cent solution of the material 
in the drinking water. Aqueous solutions of the remaining substances were ordinarily 
used for intraperitoneal injection, the dosage being calculated in terms of mgm./kgm. 
body weight. 

The animals used in these experiments were drawn from the stock colony of the National 
Institutes of Health and only those in apparent good health were used. Care was taken to 
test the blood of the animals to be used experimentally and reject those showing more than 
an occasional inclusion body (± rating). The white mice used were of the N.I.H. strain, 
derived iii turn from the white Swiss variety. 

Finally, a few in vitro experiments were conducted using freshly shed mouse or guinea 
pig btodd: ' One cc. of blood was mixed with 25 cc. of solution composed of 7 vol. of Locke’s 
solution (ll) to 3 vol. of water and containing the toxic substance in the desired concentra- 
tion. After testing blood from tail or ear for Heinz bodies, the animal was bled and the 
blood was mixed immediately with the solution. The mixture was incubated at 37°C. and 
tests were made on the red cells at various intervals thereafter in the manner described. 

Action of stibine. Using wet blood preparations, it was observed that 
refractile granules appeared in mature erythrocytes of mice immediately follow- 
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ing a single one-hour exposure to stibine at a concentration level of 70 p.p.m. 
With a guinea pig given a similar exposure, the granules appeared after a few 
hours. Within six hours, 90 per cent and 75 per cent of the mouse and guinea 
pig cells, respectively, showed similar alterations. 

Continuous observation over a period of 24 hours was carried out on 20 guinea 
pigs exposed to 53 p.p.m. of stibine for 1 hour. Hematological examinations 
were made immediately following exposure and every 4 hours thereafter. One 
animal died shortly after the end of the exposure. Of the remaining 19 animals, 
4+ inner bodies were shown by 16 within 8 hours and by all within 12 hours. 
In 2 animals one or more tiny particles were present in small numbers within 
4 hours. Blood destruction was evidenced not only by hemolysis and drop in 
red count but by hemoglobinuria in all but one animal. The inner bodies were 
present in the blood of all guinea pigs when they were sacrificed at the end of 
3 days, varying in amounts from rb (1 animal) to 4+ (7 animals). Growth in 
the size of the particles over the three-day period was quite evident. Similar 
results were noted in another series of 25 guinea pigs, having a single exposure to 
stibine, all of the animals showing the presence of intraerythrocytic particles 
when examined 24 hrs. after exposure. Fig. 1 shows the typical appearance of 
inner bodies in erythrocytes from a guinea pig 4 days after exposure of the 
animal to stibine. 

The rat is apparently more resistant, for the bodies appeared later and were 
less numerous than in the other species. The granules were observed also in 
rabbits, cats, dogs, and monkeys. 

The bodies were found to persist for relatively long periods of time. In mice 
they were observed for 55 days, in a rat for 33 days and in a guinea pig for 1 1 days 
following a single exposure to stibine. These granules stained well with methyl 
violet and gentian violet, both supra vitally and in smears, and they were insoluble 
in water, dilute acetic acid and ethyl and methyl alcohols. Their sizes varied 
with the species, the particles usually being much smaller in guinea pigs and 
rabbits than in mice. Furthermore, the particles had all the morphologic 
characteristics described by Heinz in his original communication (2). It seems 
evident, therefore, that the bodies produced by stibine are identical with the 
Heinz bodies described so many years ago. 

Attempts were made to produce Heinz bodies in vitro by passing stibine 
through heparinized blood of various species of animals. Although morphologic 
changes were evidenced by the formation of spine cells with guinea pig blood, 
no Heinz bodies were observed in any case. 

Action of sulfanilamide. Using the method of Figge (12), Heinz bodies 
were produced in mice given a 0.3 per cent solution of sulfanilamide for their 
drinking water. In less than 24 hours the presence of blue-staining refractile 
granules could be observed when using the supravital technique mentioned 
above. Fig. 2 shows the appearance of the Heinz bodies, using the electronic 
photoflash technique (10) to stop the motion of the cells in the supravital prepara- 
tion. At first the particles appeared as tiny strands or dots, many of which 
exhibited Brownian motion, and even the smallest ones could be easily seen as 



204 


S. H. WEBSTER, E. J. LIUEGREN AND D.’j. ZIMMER 


the cells rolled over and came into focus. These intraerythrocytie bodies were 
found to stain well with methyl violet and in both morphologic and chemical 
behavior they exhibited the properties of Heinz bodies. 

It was characteristic that as these particles developed they became larger and 
more nearly round in shape and at times they appeared to protrude and were 
attached to the cell by a thick membrane. Only rarely were the Heinz bodies 
observed leaving the cells but apparently they do so, since the particles were 
seen outside the cells and they were easily extruded on smearing blood cont ainin g 
these granules. Fig. 3 illustrates this extrusion of Heinz bodies. 

Intraperitoneal injection of sulfanilamide in mice at levels of 1000 mgm./kgm., 
comparable to that used in the above experiments, resulted in Heinz bodies 
in the erythrocytes 2-3 Ins. after injection, a 4- and 2+ response being observed 
in 2 animals after 24 hrs. 

The chronic effect of sulfanilamide, with prolonged Heinz body formation, 
was studied by administering 0.3 per cent solution of this drug as drinking water 
to white mice for a period of 6 months. The experimental group consisted of 
3 males, 2 additional males being used as controls. In the first month, during 
the cleaning of the nests, one of the male test animals was inadvertently replaced 
by a female. This resulted in pregnancy so that it was of interest to study the 
offspring. During the test period 6 litters, or a total of 35 mice, were born to this 
mother. All of the young appeared to be in good health and Heinz bodies 
were not present in the newly born mice during the suckling period. An experi- 
ment in which sulfanilamide crystals were implanted in a suckling and in a 
mature mouse resulted in finding Heinz bodies in the blood stream of the mature 
but not of the young animal. Intraperitoneal injection of another pairofmice 
with the same substance (1000 mgm./kgm.) resulted in a maximum response of 
-f- (1 per cent) and 2+ (16 per cent) for the suckling and the mature animal, 
respectively. 

On supravital biweekly examinations, Heinz body estimations throughout 
the 183-day period were always 4+ on all of the treated mice, the controls being 
negative during the entire period. During the later stages the Heinz bodies were 
very large, exhibiting poor to moderate staining qualities. Numerous erythro- 
cytes were seen to have more than one inclusion body. 

Before sacrificing the animals at the end of the six-month (183-day) period 
blood was taken and urine was secured from the bladder of each animal. No 
hemoglobin was found in any urine sample. Blood from the female mouse 
appeared to be quite normal with the exception of finding 4+ Heinz bodies. 
The liver and kidneys of this animal were normal but the spleen was very black 
and large. The data for the male test group are summarized in table 1. 

The organ: body weight ratios for livers and kidneys did not differ greatly 
in the treated and the control groups; the spleens of the treated animals, although 
having higher ratios than those for the control group, were below the average 
found for animals of this weight (13) and hence did not indicate enlargement. 

The histopathologic examination revealed no significant changes in the 
hearts or lungs of the test animals. The spleens showed 2+ to 4+ iron, ± iron 
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the cells rolled over and came into focus. These intraerythrocytic bodies were 
found to stain well with methyl violet and in both morphologic and chemical 
behavior they exhibited the properties of Heinz bodies. 

It was characteristic that as these particles developed they became larger and 
more nearly round in shape and at times they appeared to protrude and were 
attached to the cell by a thick membrane. Only rarely were the Heinz bodies 
observed leaving the cells but apparently they do so, since the particles were 
seen outside the cells and they were easily extruded on smearing blood containing 
these granules. Fig. 3 illustrates this extrusion of Heinz bodies. 

Intraperitoneal injection of sulfanilamide in mice at levels of 1000 mgm./kgm., 
comparable to that used in the above experiments, resulted in Heinz bodies 
in the erythrocytes 2-3 hrs. after injection, a + and 2+ response being observed 
in 2 animals after 24 hrs. 

The chronic effect of sulfanilamide, with prolonged Heinz body formation, 
was studied by administering 0.3 per cent solution of this drug as drinking water 
to white mice for a period of 6 months. The experimental group consisted of 
3 males, 2 additional males being used as controls. In the first month, during 
the cleaning of the nests, one of the male test animals was inadvertently replaced 
by a female. This resulted in pregnancy so that it was of interest to study the 
offspring. During the test period 6 litters, or a total of 35 mice, were bom to this 
mother. All of the young appeared to be in good health and Heinz bodies 
were not present in the newly born mice during the suckling period. An experi- 
ment in which sulfanilamide crystals were implanted in a suckling and in a 
mature mouse resulted in finding Heinz bodies in the blood stream of the mature 
but not of the young animal. Intraperitoneal injection of another pairofmice 
with the same substance (1000 mgm./kgm.) resulted in a maximum response of 
4- (1 per cent) and 2+ (16 per cent) for the suckling and the mature animal, 
respectively. 

On supravital biweekly examinations, Heinz body estimations throughout 
the 183-day period were always 4+ on all of the treated mice, the controls being 
negative during the entire period. During the later stages the Heinz bodies were 
very large, exhibiting poor to moderate staining qualities. Numerous erythro- 
cytes were seen to have more than one inclusion body. 

Before sacrificing the animals at the end of the six- month (183-day) period 
blood was taken and urine was secured from the bladder of each animal No 


hemoglobin was found in any urine sample. Blood from the female mouse 
appeared to be quite normal with the exception of finding 4+ Heinz bodies. 
The liver and kidneys of this animal were normal but tbe spleen was very black 


and large. The data for the male test group are summarized in table 1. 

The organ: body weight ratios for livers and kidneys did not differ greatly 
in the treated and the control groups; the spleens of the treated animals, although 
having higher ratios than those for the control group, were below the average 
found for animals of this weight (13) and hence did not indicate enlargement 
The histopathologic examination revealed no significant changes in the 
hearts or lungs of the test animals. The spleens showed 2+ to 4+ iron, ± ir ° n 
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however, a 4+ and a 2+ response were found with a guinea pig and a rabbit, 
respectively, in J hr. after injection. Within 3 hrs. the rabbit also had a 44- 
reaction. Other experiments with this same compound confirmed this finding 
that for a given dosage level fewer Heinz bodies were found in the rabbit than 
in the guinea pig. 

At a dosage level of 50 mgm./kgm., acetylphenylhydrazine by intraperitoneal 
injection was found to produce 4+ Heinz bodies in mice within | hour. 

In vitro action of phenylhydrazine was found on mixing whole mouse blood 
with 7 :3 Locke’s solution containing 0.5 mgm. per cent of the drug, a few Heinz 
bodies being seen after 15 minutes, 2+ (35 per cent) after 2 hrs. and 4+ after 
5 hrs. Wien the concentration of phenylhydrazine was increased to 10 mgm. 
per cent no Heinz bodies could be found, the drug appearing only to attack the 
erythrocytes and causing them to disintegrate. 

Similar experiments with guinea pig blood showed that at 20 mgm. per cent 
of the drug fewer Heinz bodies were found than when the concentration was 
1 mgm. per cent. The chief action in the former case appeared to be the forma- 
tion of knobby cells and alteration of the cell membrane which took a deep stain 
with methyl violet. At the lower concentration + (4 per cent) Heinz bodies 
were found in 1 hr. and 4+ (87 per cent) in 6 hrs. Fig. 4 is a photomicrograph 
of this wet preparation taken at the 6 hr. interval. Since the cells were moving, 
only a few of the Heinz bodies are in focus. 

It is evident from these experiments that phenylhydrazine and its acetyl 
derivative are very effective in forming Heinz bodies, and changes in the erythro- 
cytes of the mouse and other species can be detected within a few minutes under 
suitable conditions. 

Action of other chemical agents. Several other chemical substances were 
investigated during this study, using white mice as experimental subjects, the 
preparations being given intraperitoneally in aqueous solution. The use of these 
compounds w r as suggested either because of their marked toxicity or their known 
hemolytic action. In a few cases inorganic oxidizing or reducing agents were 
tried. 

Observations for Heinz bodies were made at intervals, the first usually being 
taken after £ hr. Ordinarily evaluations were repeated at 1-4 hr. intervals 
during the first day and then 24 hrs. later. However, with the veiy toxic 
materials at high dosage levels, some of the animals succumbed in a shorttime 
after injection, thus preventing further observations. The results are sum- 
marized in table 2, the maximum Heinz body rating and the corresponding time 
being indicated for each substance used. 

It can be seen that in general the organic compounds were much more effective 
than the inorganic materials in inducing Heinz body formation. However, 
saponin, a powerful hemolytic agent, was much less effective than aniline. A 
number of the highly toxic inorganic compounds were almost without effect in 
producing intraerythrocytic particles although their lethal effects were quite 
evident. The reducing agents, sodium nitrite and sulfite and hydroxylamine, 
appeared to be superior to the oxidizing agents tried (chlorate, dichromate and 
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nitrate) although ferrous sulfate w as \\ ithout effect It is of interest to note that 
tartar emetic, though exhibiting marked toxicity at the high dosage levels, 
show ed scarcely any effect on Heinz body formation, in marked contrast to the 
action of antimony in the form of the hydnde By far the greatest action for 
inorganic materials was exhibited by hydroxylamme which is both a nitrogen 
compound and a reducing agent 

In vitro action of hydroxylamme hydrochloride (1 mgm per cent) w as observed 
with mouse blood, a 2+ rating being found 11 minutes aftei mixing and a 3 + 
reaction after one half hour At a lower concentration of hydroxylamme 
(0 25 mgm per cent) the action w as slow er, the Hemz body ratmgs being m 
15 min , + (10 per cent) after 1 hr , 2+ (38 per cent) after 3 hrs and 4+ after 
24 hrs It was evident from these obsen ations that the destructive action on 
the erythrocytes as well as the number and size of Heinz bodies was dependent 
on the concentration of the drug 

Discussion The mechanism of Hemz body formation and the site of their 
origin have not been elucidated The wide variety of compounds, some of 
which are inorganic, capable of mducmg mtracrythrocytic changes, lends support 
to the view that Heinz body formation is due to partial destruction of some 
portion of the red blood cell, as a result of toxic action The view that these 
bodies are formed m the peripheral circulation is supported by the fact that 
usually only mature cells and not reticulocytes have Hemz bodies and also by 
the fact that m vitro formation of such particles has been demonstrated Al- 
though difficult to show photographically', the rapidity of this formation can 
easily be shown by visual observation usmg wet blood preparations The 
more favorable conditions present m the living tissue are presumably responsible 
for the reaction in vivo usually being much greater than that in vitro The 
persistence of Hemz bodies after a single dose of a substance is of great interest 
smce it points to a relatively long life of some of the erythrocytes, amounting to 
30-55 days m the mouse 

Although Hemz bodies were present in the majority of the erythrocytes of mice 
fed sulfanilamide during the 6-7 month test penod, no hemolytic anemia was 
evident This is m marked contrast to man, m which the presence of numerous 
Hemz bodies would be regarded as serious (3) Furthermore, the ability to form 
Hemz bodies is apparently not related either to the ability' to form methemoglobin 
or to cause hemolysis For example, saponm, which is regarded as a powerful 
hemolytic agent, was found to be relatively meffectn e in mducmg Hemz body' 
formation in mice whereas sulfanilamide was able to produce these particles in 
nearly all erythrocytes m a short time The most toxic substances appear to be 
those which are able to cause hemolysis, methemoglobin and Heinz bodies 

The production of Hemz bodies by stibme, a volatile hydnde, is of interest 
smce for many years it was believed that this phenomenon was almost exclusrv ely 
confined to mtro compounds of the benzene senes Little interest appears to 
have been showm in studying the action of inorganic compounds in this field 

The fact that Hemz bodies were not found in suckling mice, the mother of 
which exhibited numerous mtraerythrocytic particles, suggests some sort of a 
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protective mechanism in the young. It has been shown (14) that in pregnant 
rabbits treated with sulfanilamide this drug can pass from the maternal to the 
fetal circulation. Likewise transmission across the placental barrier has been 
demonstrated for humans (15). Moreover, transmission of this same drug 
through the milk of nursing mothers has been established (16). Consequently 
it was expected that the young mice would have Heinz bodies. However, the 
experiments on implantation and intraperitoneal injection confirmed the earlier 
observation and indicated a difference in susceptibility of young and mature 
mice to this drug. 

The difficulty of finding a solution capable of maintaining red blood corpuscles 
of various species without marked morphologic changes during a supravital 
examination is well known. For this reason some differences in behavior of the 
Heinz bodies may be expected for various species. However, the great similarity 
in morphologic appearance, in their staining characteristics and in their physical 
and chemical behavior to the particles described earlier by Heinz, makes it 
quite evident that they should be designated as Heinz bodies. 

SUMMARY AND CONCLUSIONS 

The formation and properties of intraerythrocytic bodies produced by the 
action of stibine, phenylhydrazine hydrochloride, sulfanilamide and certain 
other chemical substances have been studied in experimental animals. More- 
over, in vitro formation has been observed in mouse blood with phenylhydrazine 
hydrochloride, with sulfanilamide and with hydroxylamine hydrochloride. 
With respect to their various staining and morphologic characteristics, these 
particles have been found to conform to the properties of Heinz bodies. 

Improved methods for staining Heinz bodies both in wet preparations and in 
smears have been worked out. Recognition and enumeration of these particles 
in their early stages have been facilitated by supravital examination of blood. 

The formation of Heinz bodies by certain organic and inorganic compounds is 
dependent on a number of factors, among which are the chemical nature of the 
compound, dosage, route of administration and species differences. The Heinz 
bodies themselves differ in time of appearance, abundance, size and persistence. 

Stibine and hydroxylamine hydrochloride are powerful inorganic Heinz 
body-producing substances while among the organic compounds, phenylhydra- 
zine hydrochloride and acetylphenylhydrazine are very vigorous in their action. 
Sulfanilamide produces many Heinz bodies in mice and the lack of marked 
systemic effect, even after a period of months, makes this a useful substance 
for the study of this phenomenon. 

Intraperitoneal injection of a toxic substance is a convenient and rapid method 
of determining its ability to form Heinz bodies. Because of the ease with which 
these bodies can be produced in mice, tb's species is a useful experimental 
animal. Guinea pigs and rabbits are less serviceable since their erythrocytes 
are more resistant than those of mice. Hemolytic activity and ability of a 
substance to form Heinz bodies are not uniformly related; nor is the persistence 
of these particles related to the maximum number found. 
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Further experimental \\ ork is needed in order to ansv. er many of the remaining 
questions about the composition, site of origin and fate of Heinz bodies 
Acknowledgment We wish to thank Drs S S Spicer, B L Horecker and 
R C Dunn and Mrs D C Peterson and Mr E C Thompson for their aid in 
this investigation 
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The discovery, during a routine testing program, of the marked antifilarial 
activity of a large series of cyanine dyes when tested, in vivo and in vitro, against 
the filarial worm, Litomosoides carinii, of the cotton rat, has been reported in 
several preliminary publications from this laboratory (1, 2, 3). Unfortunately, 
this filarieidal effect of the cyanines was found to be highly selective. It was 
not demonstrable against several other filarial species and, in fact, early clinical 
trials against Wuchereria bancrofti have been unsuccessful. However, the 
experimental findings accumulated during the course of these studies were 
believed to be of sufficient fundamental importance to warrant their publication 
in detail. 

In the coordinated program organized by the National Research Council, in 
1944, for investigations of the chemotherapy of filariasis, several laboratories 
concentrated their efforts on the extension of existing knowledge of the anti- 
filarial action of organic derivatives of antimony and arsenic (4, 7, 10, 11). In 
this laboratory, however, investigations were directed toward non-metallic 
compounds, in the hope of discovering a new approach to the chemotherapy of 
this disease. 

A. The routine testing of compounds for antifilarial activity. Since the two 
filarial parasites, IP. bancrofti and IP. malayi, which occur in the lymphatic system of 
infested human beings, have not been found in other animal species, it was necessary to 
conduct these studies with animals infested with a different, but morphologically related, 
filarial parasite. The timely report of Culbertson and Rose (4) on the chemotherapeutic 
action of organic antimonials against the filarial worm, Litomosoides carinii, in the Florida 
cotton rat, led to the selection of this same parasite and animal host for these studies. 
The occurrence of the worms in the pleural cavity made them readily accessible at autopsy 
for transfer in an intact condition to nutrient media. The size of the animals (under 200 
grams) made them suitable for a large scale exploratory program and much to be preferred, 
for routine testing, to dogs infested with the heart-worm, Dirofilaria immiiis. An adequate 
supply of naturally infested cotton rats was maintained by purchase from the Ilegcner 
Research Supply Company of Sarasota, Florida. 

The “screening” procedure was based on the principle that each compound should be 
given in an amount approaching that maximally tolerated by the animal host. Schedules 

1 The work described in this series of papers was done, in part, under a contract recom- 
mended by the Committee on Medical Research, between the Office of Scientific Research 
and Development and Western Reserve University (August 1, 1944 to October 31, 1945); 
in part, under a contract between the Office of the Surgeon General, U . S. Army (November 
1, 1945 to December 31, 194G); and in part, with the aid of a grant from the U. S. Public 
Health Service (since January 1, 1947). 
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involving frequent dosage were considered preferable, since they would favor the mamte 
nance of a concentration of the drug in the tissue fluids bathing the parasites, and thus 
would increase the possibility of detecting minimal antifilanal activity in a compound, as a 
lead for further study After a short period of experimentation with various schedules, 
it was decided, wherever possible, to administer compounds mtrapcntoneally every S 
hours for a total of IS doses For injection purposes the animals were driven from their 
individual wire cloth cages into a tin and wire cloth injector tube which allowed handling 
and injecting with little danger of being bitten 1 Autopsy was performed 40 hours after 
the final injection The adult filariac were removed aseptically from the pleural cavities 
ami placed in petn dishes containing 10 cc of sterile nutrient medium 3 for observation 
(the exact composition of the medium has been stated in the footnote), worms from an 
untreated nt were observed simultaneously Characteristically, unaffected worms 
remained motile for at least 2 days when observed at room temperature When motility 
was absent at the time of autopsy , and did not nppe ir within 8 hours after the w orms were 
removed from the rats, the filariac were considered dead 

The effect of drug treatment on the microfilariae, either in ulro or in tuo, was not 
studied, since it was known and was confirmed again tn the course of these studies, that 
the susceptibility of these larvae to noxious agents ma\ differ qutte markedly from that 
of the parent worms against which therapy was directed Also, it was felt that routine 
1 screening” of unrelated chemical substances for filnncidal activity m ulro would give 
information more likely to be misleading than helpful, since a great variety of substances 
w ere certain to be too toxic for filanae in vitro However, extensive studies of the metab 
olism of L cannn were conducted simultaneously by one of us (2 3 15), and sufficient 
information was obtained through this approach to facilitate progress materially when 
leads were obtained from the “screening” tests in animals Under such conditions studies 
in ulro became of great importance 


B The detection of antifilarial properties in the cyanine dies 
Among the many compounds studied, none was found to possess appreciable 
activity until a membei of the group of compounds known as cyanine dyes was 
tested This compound, (1 amyl 2,5 dimethyl 3 pynole)(l,G dimethyl 2 quin 
oline) dimethmcyamne chloride (Chemotherapy Center #348), whose struct 
ural formula is shown in table I, was completely cuiative in the maximally 
tolerated doses used On further study it became evident that a v ery high degree 
of activity was present, since the mtiapentoneal injection of 0 1 mgm /hgm , at 
8 hour intervals for 18 doses, regularly" killed all filarial worms in all treated 
animals Though delayed fatalities occasionally occurred w hen mdiv idual doses 
of 1 8 mgm /hgm were administered according to above treatment schedules, 
individual doses of 1 25 mgm /hgm on this schedule w ere w ell tolerated These 
findings indicated that the absolute margin of safety was remarkably high 4 


* This apparatus was designed by J T Litchfield, Jr , w ho at the time was w orbing with 
It N Bieter,H N Wright and their associates on a similar project involving other members 
of this senes of compounds (S, 9) 

3 The medium consisted of 1 part sterile horse serum, generously supplied by Sharp and 
Dohme, Inc , and 3 parts of a buffered glucose salt solution which permitted optimal 
metabolic activity and motility, and had the following composition 0 137 ill NaCI, 0 0027 
M KC1, 0 0003 U CaCb, 0 001 M MgCb, 0 0G M sodium phosphate buffer (pH 7 6), 0 02 M 
glucose 

* The term “absolute margin of safety ” is used to signify a relation that might be ex 
LDs LDo 


pressed by the ratio ■ 


• , if indications are to be given of the occasional 


CD 9 s * CDso-ioo 1 

death of an animal on a dose that is usually non lethal and the occasional failure of a dose to 
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With the known antifilarial compounds of antimony, such as ‘Neostibosan’ and 
‘Anthiomaline’, it was found impossible to kill all worms in any single animal 
even at maximally tolerated doses on similar treatment schedules. 

Quantitative studies of the effect of #348 on the number of microfilariae 
present in the peripheral blood were not made for reasons already given. How- 
ever, quantitative examination of single drops of peripheral blood in cover glass 
preparations revealed no gross differences in the degree of microfilaremia present 
before, during, and at the completion of the period of treatment. Later, quanti- 
tative studies with another cyanine dye (#863) (table IV) revealed that a slow 
decrease in the microfilaria count did occur over a period of some months. < This 
was believed to be due to the spontaneous death of the embryos and their failure 
to be replaced because of the much earlier death of the adult worms during the 
period of therapy (16). 

C. The ANTIFILARIAL ACTIVITY OF CYANINE DYE #348 IN VITRO. When 
filariae from untreated rats were placed in petri dishes containing 10 cc. of the 
nutrient medium referred to previously, in the presence of various concentrations 
of #348, motility was lost within one hour at a concentration of 1:100,000. 
At a concentration of 1 : 1,000,000, motility was reduced within 2 hours, and up to 
50 per cent of the worms were rendered immobile within 7 hours; in the case of 
the remaining 50 per cent, however, some motility was present after 72 hours, 
when the motility of control worms began to decrease. At a concentration of 
1 : 10,000,000, no effect on the worms was detectable. It is of interest that the 
lowest dose of # 348, which consistently cured rats following repeated injections 
was 0.1 mgm./kgm., since, on the basis of rapid and equal distribution throughout 
the tissues and tissue fluids, this amount of compound could result in a maximal 
concentration not exceeding 1 part per 10,000,000, prior to the occurrence of 
degradation or excretion. This point will be discussed further in a subsequent 
communication (16). 

On the basis of the concurrent studies of the metabolism of L. carinii by 
Bueding (2, 3, 15), it seemed of greater and more fundamental importance to 
determine the effect of #348 on the specific metabolic behavior of the parasite, 
than on a general phenomenon such as motility. Thus, it was found that the 
cyanines produced a marked inhibition of the oxygen consumption of the adult 
filariae. The oxidative metabolism of the worm was inhibited by the concen- 
trations of #348 ranging from 1:25,000,000 to 1:6,000,000. This decrease in 
respiration was associated with a compensatory increase in glycolysis and a 
decrease in glycogen synthesis. Under anaerobic conditions, on the other hand, 
no effect on glycotysis was observed. Only with concentrations 1,000 to 2,000 

cure that is usually curative. The statistically valid margin of safety or therapeutic 

index, Twr, though an experimentally much more reproducible value, often gives an 

impression of innocuousness that is not justified by the facts. Although many cyanines, 
administered cither orally or intraperitoneally, have wide “absolute margins of safety”, 

they are by no means as innocuous as the ratio would indicate. 
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times greater was the oxygen consumption of mammalian tissue slices or homo- 
genates affected by these compounds, a fact which is reflected in the high margin 
of safety in the chemotherapeutic tests described earlier. Furthermore, worms 
removed from cotton rats treated with subcurative doses of #348 showed 
markedly depressed respiratory activity and an increase in aerobic glycolysis, 
as compared to worms removed from untreated rats. It seemed probable, 
therefore, that these drugs exert their chemotherapeutic effect through the 
inhibition of one or more enzyme systems concerned with oxidative metabolism. 
The metabolism of the microfilariae obtained from pleural washings was un- 
affected by the drug, a circumstance that may be attributed to a difference in the 
metabolic characteristics of the larvae from those of the adult parasites (2, 3, 15). 
This observation is in agreement with the finding that the drug caused no 
prompt reduction in the microfilaremia of the cotton rat. 

D. Comparative studies of the antifilarial activity of cyanine dyes. 
It seemed highly desirable to extend these studies to other cyanine dyes because 
of the high degree of curative activity, the high margin of safety, and the specific 
antimetabolic effect of the one compound tested. Furthermore, Bieter, Wright 
and their associates had simultaneously disclosed antifilarial properties in a 
related series of styrylquinoline dyes (8, 9). 

Fortunately for the chemotherapeutic program, a large number of these 
compounds had been synthesized by Dr. L. G. S. Brooker and his associates 
of the Eastman Kodak Company for other purposes (12, 13). Samples of these 
were generously submitted to the Committee on Medical Research of the 
National Research Council through Parke, Davis and Company, for study in 
this laboratory. 6 

Two procedures were used in screening these compounds for antifilarial activity 
against L. carinii. The first of these involved a comparison of the ability of the 
various cyanines to inhibit the oxygen uptake of the parasites. The second 
consisted of an assay, in cotton rats, of the chemotherapeutic and toxic properties 
of each compound. 

1. Assay , in vitro , of the antifilarial activity of cyanine dyes. Adul t filariae(15 to 20 mgm.) 
were transferred to small Warburg vessels (volume, 4 to 5 cc.) which contained 0.7 cc. of 
buffered glucose-salt solution. 3 A small roll of filter paper, soaked with 0.1 cc. of 40 per 
cent KOH was placed in the center cup of each vessel. The oxygen uptake of the worms 
was measured over a period of 3| hours at 38°C. in an atmosphere of air, in the conventional 
Warburg apparatus. During the initial period of 30 minutes, a slight increase in the 
respiration of the worms frequently occurred. After this time, the rate of oxygen uptake 
of the filariae remained constant over a period of at least three to four hours. The control 
respiration was recorded for the next 90 minutes, i.e., 30 to 120 minutes after the beginning 
of the experiment. Following this contol period, 0.1 cc. of the glucose medium containing a 
cyanine dye was tipped from the side-arm into the main compartment of the vessel and 
the respiration was recorded for an additional 90 minutes. Addition of 0.1 cc. of the same 


6 From the beginning of the study of this group of compounds, w r e have enjoyed the 
finest cooperation from Dr. Brooker and from Parke, Davis Laboratories. Further, this 
investigation has been facilitated in innumerable ways by Dr. Lucille Farquhar, technical 
aide of the National Research Council, who coordinated studies in this and related fields. 
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medium containing no cyanine dye did not affect the rate of oxygen uptake of the worms. 
All solutions of compounds to be tested were prepared immediately before the experiment. 
The antifilarial activity of each compound, in vitro, designated in the tables as the “in 
vitro index”, was established in the following manner. The molar concentration of com- 
pound #348, which was used as a standard of reference, required to inhibit the respiration of 
the worms by 50 per cent (usually 2.6 X lO” 7 M or 1:10,000,000) was divided by the molar 
concentration producing a similar decrease in respiration in the case of the compound 
under assay. 

2. Assay, in vivo, of the antifilarial action of cyanines. Further studies on the antifilarial 
action of #348 in cotton rats indicated that cures could be produced when dosage intervals 
of much greater than 8 hours were used. The minimal curative dose, when the drug was 
administered intraperitoneally at 8-hour intervals for 6 days, was 0.1 mgm./kgm.; a total 
dose of 1.8 mgm./kgm. When one injection was given daily for 5 days, an increase in the 
individual dose to only 0.2 mgm./kgm. was required; a total dose of 1.0 mgm./kgm. Fur- 
thermore, when the interval between the last dose and the time of autopsy was extended 
to 4 days, 0.3 mgm./kgm. daily for 3 days was required. When a single dose was given, 
followed by a period of one week, prior to autopsy, it was found that 1.35 mgm./kgm. would 
effect a cure. Later, the studies with other cyanines yielded similar results. 

Accordingly, in “screening” various related compounds for their chemotherapeutic 
activity against L. carinii in the cotton rat, a dosage schedule was selected which involved 
one injection daily for 5 days. Autopsies, involving removal of worms from the pleural 
cavity for the purpose of observing the effect of therapy on motility, as described earlier, 
were performed 48 hours 'after the last dose. The following dose levels, expressed as the 
amount administered daily in mgm./kgm. of body weight, were used: 0.05, 0.10, 0.15, 0.20, 
0.30, 0.40, 0.80, 1.6 or 2.0, 3.0, 4.0, 6.0, S.0, 12.0, 16.0, etc. It was not necessary to use all 
these dose levels for each compound, and the data for any one compound were not obtained 
in a single test. Rather, an orientation test was performed first by treating several infested 
rats at one of the lower dose levels, and several uninfested rats at one of the higher dose 
levels. On the basis of the results obtained, higher or lower doses were then used in further 
experiments on additional rats to determine minimally curative and maximally tolerated 
doses. In this preliminary “screening” program, designed to separate compounds of high 
chemotherapeutic activity worthy of more extensive investigation, from those of low 
activity, only three animals w'ere used per dose level of drug. The large number of com- 
pounds to be studied, the high cost of the infected animals, and the special handling which 
these separately housed animals required during maintenance, and especially during 
injection, made it necessary to set such a low figure for the number of animals to be used 
per drug. The values determined for each compound were: first, the minimum dose 
required to produce death of all worms in the three rats of a dosage group (minimum cura- 
tive dose); and, second, the maximum dose allowing survival of all three rats in a dosage 
group (maximum tolerated dose). The margin of safety, or therapeutic index, was cal- 
culated by dividing the second value by the first. Such a therapeutic index was selected 
in preference to one involving 50 per cent end points, not only because of the small number 
of animals used, but also, as has been mentioned previously, because values representing 
complete curative responses, and complete survival, seemed more comparable to a clinical 
situation. Because both the toxicity and curative activity of these compounds increase 
rather slowly with increasing dosage, the statistical therapeutic index, based on 50 per cent 
responses, would have yielded figures of considerably higher magnitude. 

In the data recorded in the following tables, the toxicity tests were performed with 
uninfested cotton rats of a single strain*. Earlier toxicity tests with a few cyanines, 
including #348, were performed with uninfested rats obtained from the same natural 
habitat as the infected ones. These last-mentioned rats were considerably more resistant 
to the lethal effects of the cyanines, than were those of the laboratory strain; hence, con- 

8 Obtained from Tumblebrook Farms, Brant Lake, New York. 
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siderably higher therapeutic indices resulted from their use Since our interest was in a 
comparison of the relative toxicity of these compounds so far as these lower animals were 
concerned, rather than in absolute values, we did not revert to the use of Florida rats for 
toxicity studies when this discrepancy became apparent Rather, we repeated the earlier 
toxicity tests, on the daily injection schedules, with the laboratory strain of rats which 
w ere used thereafter 

In the case of some of the compounds presented in the tables, the “m vitro index” alone 
was determined In almost all such cases the amount of sample a\ailable was insufficient 
to permit studies in t no The small samples sufficed for the metabolic studies, and yielded 
additional information with regard to the relation of chemical structure to antifilanal 
activity In a few other cases assays were performed only in utro with compounds, other 
than cyanines, which were well known from work in this and m other laboratories to bo 
devoid of any chemotherapeutic effect tn ino In this way it was possible to determine 
the presence or absence of a low degree of antifilanal activity, the existence of which was 
suggested by a remote chemical similarity to the cyanines The results of the “screening” 
tests are presented in tables I to X 

E The relation of the chemical structure of the caanine dyes to 
their anti filarial activity aqainst l carinii It has been postulated 
earlier that the cyanines exert their chemotherapeutic effect through the inhibi- 
tion of one or more enzyme systems concerned with the oxidatne metabolism 
of the parasite Further evidence for this, presented in the tables, is show n by 
the fact that every compound found to be active xn vivo also inhibited filarial 
respiration in vitro The fact that the re\ erse correlation did not exist, in other 
words, all compounds actne xn vitro were not active in vivo, is not a refutation 
of this postulate In the complex animal organism many factors, such as rate 
and extent of excretion, and metabolic alteration, as \\ ell as unfa\ orable distribu- 
tion, indubitably influenced the extent to w hich the inherent antifilanal activity 
of vanous compounds w as able to become manifest Thus, a discussion of the 
relation betw een chemical structure and the inherent antifilanal actrv lty of these 
compounds would be more valid when based on observations made tn mtro, in the 
absence of the modifying factors imposed by an animal host Such a discussion 
is presented below , \\ ith supplementary remarks on the relation betw een chemical 
structure and “net” antifilanal activity, le, actnity in vivo Accordingly, 
the term “activity”, as used in the following discussion, will refer to antifilanal 
aetn lty in mtro, unless otherw lse stated The various related members of the 
cyanine series made available to us were prepared largely for purposes other 
than the chemotherapeutic program (12, 13) In a number of cases, however, 
the group led by Dr Brooker kindly prepared new compounds, the structure of 
which was suggested by” the antifilanal studies 

As shown ra the tables, many different ty pes of cyanines w ere found to possess 
antifilanal activity , and the synthesis of numerous denvatives of every structural 
type was impractical, at least until some know ledge was forthcoming in regard 
to the effectrv eness of the cyanines against IF bancrofh in man 

1 (3 Pyrrole)(2 quinoline) dimethmcyanines ( table I) The most complete 
study of the effect of a anous substituent groups on antifilanal activity , both in 
vitro and m vivo, w as made w ith this gioup of compounds w hich included # 348, 
the cyanine originally found to be actixe against L carinii In compounds 
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TABLE I 


The relative anlifilarial activity of a number of (3-pyrrole) (S-qmnolinc) dimethincyanines 
against L. carinii of the cotton rat. 
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having a methyl group in position -1 or -6 of the quinoline ring, the highest 
degree of activity was observed when an ethyl (#711), propyl (#999), or a 
cyclohexyl (#997) radical was attached to the pyrrole-N. A somewhat lower 
degree of activity was present when a methyl (#804), butyl (#998), or amyl 
(#348) radical was the substituent. A further lengthening of the side-chain 
produced a progressive decrease in activity (#802, #1092, #712, #805). 
Activity in vivo , on the other hand, was poor when the alkyl substituent on the 
pyrrole-N was short, and increased gradually to a maximum at C 6 through C 10 , 
beyond which it could not be tested with accuracy due to the low degree of 
solubility, and of absorbability from the site of injection. 

It is regrettable that the series of analogues discussed in the above paragraph, 
i.e., those having methyl groups in position -1 and -6 of the quinoline ring, 
with various substituents on the pyrrole-N, did not include the compound in 
which a phenyl group was the variant. The comparative effect of a phenyl 
group versus one alkyl radical, namely, the amyl, can be seen, however, in other 
compounds of the (3-pyrrole) (2-quinoline) series of table I, rvhere substituents 
in other positions were the same. Thus, in each of the following four pairs of 
compounds the amyl radical conferred greater activity on the compound than 
did the phenyl: #713 and #967; #800 and #943, #962 and #816; #801 and 
# 963. For the first two pairs of compounds this was also true in vivo, while for 
the third pair the phenyl compound was more active in cotton rats; a comparison 
was not made with the fourth pair. 

Data are also available in table I for a study of the effect on antifilarial activity 
of various substituents at the quaternary quinoline-N. With an amyl group 
on the pyrrole-N, replacement of a methyl group (#348) by an ethyl group 
( # 963) at the quinoline-N produced an increase in activity, while further length- 
ening of the substituent alkyl chain led to decreased activity ( # 964 and # 965). 
In this case, the changes in activity in vivo, though not marked, followed the 
reverse order. Replacement of the ethyl group of # 963 by a /3-hydroxyethvl 
group ( # 349) produced a marked decrease in activity both in vitro and in vivo. 
The deleterious effect of a long alkyl chain on the quinoline-N was also seen in 
comparing the relative activities of compounds whose pyrrole-N carried a phenyl 
radical, though it was outstanding only in going from a heptyl to an undeeyl 
substituent ( #801, #809, #810). 

The effect of substituents at other positions than the nitrogens can be seen in 
various compounds with the common feature of a methyl radical on the quino- 
line-N and a phenyl on the pyrrole-N. When # 800, which had no additional 
substituent, was altered by exchanging the hydrogen at C-8 for a methyl group 
( # 808), or a chlorine atom ( # 812), a slight increase in activity resulted. When 
the methyl group was in position-6 (#714), instead of in position-8 (#808), a 
reduction in activity occurred. Similarly, decreased activity was observed with a 
chlorine atom in position-6 (#811) or -7 ( #816), instead of in position-8 (#812) 
of the quinoline ring. A methoxy group in position-8 (#803) had no effect on 
activity, but a considerable decrease in activity occurred with a methoxy group 
in position-6 ( # 713). A phenyl group in position-6 ( # 819 or -8 ( # 818) resulted 
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m a decrease of activity of the same magnitude Thus, compounds possessing 
— Cl (#812), —CH 3 (#808), or — OCH 3 (#803) in position 8 of the quinoline 
ring appeared to possess higher activity than those in which a similar substituent 
was introduced in position 6 or -7 On the other hand, when no substituent 
was present m the G, -7 or -8 position of the quinoline ring, as in #943, the 
antifilanal activity tn vitro, remained equal to that of #348, which earned a 
methyl group at position-6 In the cotton rat the former compound was less 
active than the latter, but a corresponding decrease in toxicity permitted the 
therapeutic index to remain unchanged 

TABLE II 

The relative antifilanal activity of a number of (S pyrrole)U quinoline) dimetkmcyanines 
against L cartnit of the cotton rat 
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2 ( 3 Pyrrole) (4-qumohne) dimelhincyanmes ( table II) As m the first group 
of compounds, greater activity was observed here when an amyl radical was 
attached to the pyrrole N than when a phenyl was present (#955 and #823) 
Alteration of # S23, by insertion of a methoxy group m position 6 of the quino- 
line moiety, did not significantly alter activity An increase m the length of the 
alkyl radical on the quinoline N augmented activity when the new substituent 
was an ethyl radical (#1095), but decreased it slightly with a propyl group 
( # 1096) As in the previous group of cyanines, a /3 hydroxyethyl group very 
significantly decreased activity The detrimental effect, on activity, of an 
excessively long alkyl chain on the pyrrole N is demonstrated again by compari- 
son of the “in vitro index” of # 1095 (amyl) and # 1277 (decyl) 

In regard to the effect of moving the attachment of the cyanine bridge from 
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TABLE III 

The relative anlifilarial activity of a number of cyanines of the diquinoline type against L. 

carinii of the colion rat 
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TABLE III — Continued 
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TABLE III — Continued 
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TABLE III —Concluded 
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position-2 to position-4 of the quinoline ring, no difference was observed in the 
activity of # 713 (table I) and # 824 (table II). The decrease in the activity of 
#824 in vivo was compensated for by its lower degree of toxicity, so that a 
slightly higher therapeutic index resulted. In several other instances where the 
cyanine bridge was moved to the new position, a decrease in activity in vitro 
was observed ( # 800 and # 943 of table I versus # 823 and # 955, respectively, 
of table II). Numbers 943 and 955 both were tested chemotherapeutically and a 
similar difference in their potency was observed in vivo. 

3. Diquinoline cyanines ( table III). One striking factor involved in the 
relation of structure to pharmacological action of the cyanines was demonstrated 
in this group; this pertains to the nature of the connecting bridge between the 
two nitrogens. The three compounds in which both nitrogens were tertiary 
( # 853, # 854 and # 855) showed no appreciable activity. The conversion of 
one nitrogen to the quaternary form resulted in the establishment of a resonating 
system of alternating double and single bonds in the chain connecting the two 
nitrogens. This was associated with a marked degree of antifilarial activity 
that was sustained despite many minor modifications in structure (table III). 

The effect of a shift in the cyanine bridge from the 2-2 1 position to the 2-4 1 
position, as shown in # 856 and # 857, w'as a moderate increase in activity. 

No difference in antifilarial activity in vitro was present between the mono- 
methine cyanine, # 856, and the corresponding trimethine derivative. A similar 
comparison of # 858 and # 869, however, showed the monomethine compound 
to be considerably more active, since the addition of methyl groups in the 
6-positions of the two quinoline rings increased appreciably the activity of the 
monomethine, but not that of the trimethine compound. A comparison of this 
sort was also made with two compounds of the dipyrrole type ( # 1113, #1114); 
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here the monomethine compound was very much more active than its trimethine 
analogue. 

Few compounds were available in which alkyl radicals other than methyl 
were attached to the nitrogens in this series. The change from a methyl to an 
ethyl substituent was studied in the case of $856 and $947. It resulted in a 
threefold increase in activity. 

The two dimethine compounds in this series were not analogous to any of the 
dimethincyanines of the pyrrole-quinoline type (tables I and II), hence no 
comparisons of activity could be made in this case. 

A number of the compounds in this series showed a high degree of antifilarial 
activity in vitro. In fact, one of these, $ 834, had an “in vitro index” of 2.0, and, 
though several other cyanines equaled this potency, none of them exceeded it. 
Despite this, $834 did not have a high degree of antifilarial activity in the 
cotton rat. In fact, the only diquinoline compound which was highly active 
from the chemotherapeutic standpoint was $871. The “in vitro index” of this 
compound was not outstanding (0.3); hence this series affords a good example 
of the fact that the animal host may influence profoundly the antifilarial activity 
of the cyanines. It is interesting also that Bieter, Wright and their associates 
(8, 9) have reported a 2-2 1 trimethincyanine of the diquinoline type to have a 
high degree of antifilarial activity and a high therapeutic index in infested cotton 
rats; both nitrogens in this compound carried /3-ethoxyethyl groups. 

4. Two compounds which deserve special mention are $863 and $835 (table 
IV), whose structures are unique in that the second heterocyclic ring in each case 
was not present in any other of the compounds studied; each had an "in vitro 
index” of 2.0. In both cases the chemotherapeutic activity in infested cotton 
rats was not of a maximal order, but because their toxicity also was less than 
that of many other cyanines, the high therapeutic index which resulted made 
them members of the group of compounds selected for further study. 

5. The pyrrole-pyridine cyanines depicted in table V were not outstanding 
in their activity, but they merit attention because of the deleterious effect 
produced by replacement of an amyl group on the pyrrole-N by a phenyl radical. 
This decrease was of a much greater magnitude than that resulting from a 
similar change of substituents in the pyrrole-quinoline series (table I). It may 
be pointed out also that the pyrrole-pyridine compound, $957, was half as 
active as its corresponding pyrrole-quinoline analogue ($943, table I). 

6. A number of pyrrole-benzimidazole and pyrrole-benzoihiazole cyanines were 
available for study (tables IT and VIII), and in a few cases "in vitro indices” 
of 1.0 were obtained. However, this high degree of activity did not carry over 
to the chemotherapeutic assays. A few pyrrole-benzoxazole (table VII) and 
pyrrole-benzoselenazole (table VIII) compounds were also studied, but none 
w r as outstandingly active, either in vivo or in vitro. In these cyanine types, 
replacement of an amyl by a phenyl radical was not detrimental to activity as 
was the case in previous series; in fact, in one case the activity was actually 
enhanced by such a change ($1091 and $822, table IT). 

7. The styryl-quinoline compoimds listed in table X have been studied ex- 
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TABLE IV 

The relative antifdarial activity of a number of cyanines in which the quaternary nitrogen is 
present zn a quinoline ring, and the tertiary nitrogen in a heterocyclic ring other 
than qumolme or pyrrole 
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tensively in regard to chemotherapeutic activity in infested cotton rats by 
Bieter, Wright and their associates (8, 9). As in the case of the compounds 
previously discussed, these contain a quaternary and a tertiary nitrogen con- 
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TABLE V 

The relative antifilarial activity of several (S-pyrrolc) (3-pyridine) and (3-pyrrole) -pyridine) 
dimelhincyanines against L. carinii of the cotton rat 
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nected by a carbon chain whose bonds are alternately single and double They 
differ, however, in that the tertiary nitrogen is not a member of the heterocyclic 
ring, but rather is a para ammo nitrogen Compound # 350, in which two ethyl 

TABLE VI 


The relative antifilarial actuity of a number of cyanines *n which ihc quaternary nitrogen is 
] present tn a benzimidazole ring 
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groups were attached to the tertiary-N and an ethyl group was the substituent 
at the quaternary qumolme-N, was outstandingly active in vitro , though this 
high degree of activity was not retained m the cotton Tat The remaining 
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TABLE V 


7 ht rclclize ar.tif.larizl cdmly of ttztral (8-pyrrole) (2 -pyridine) and ( 8-pynole)(J>-pyridm ) 
c i r>:! h i ncy miner, against L. carinii of the cotton rat 
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nected by a carbon chain whose bonds are alternately single and double. They 
differ, however, in that the tertiary nitrogen is not a member of the heterocyclic 
ring, but rather is a para-amino nitrogen. Compound ft 350, in which two ethyl 

TABLE VI 


The relative anltfilarial activity of a number of cyanines in which the quaternary nitrogen is 
present in a benzimidazole ring 
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groups were attached to the tertiary-N and an ethyl group was the substituent 
at the quaternary quinoline-N, was outstandingly active in vitro , though this 
high degree of activity was not retained in the cotton rat. The remaining 
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compounds of this group all had a methyl, rather than an ethyl substituent 
on the quinoline-N. Variants of these involved particularly the amino-N, where 

TABLE VII 


The relative antifilarial activity of a number of cyanines in which the quaternary nitrogen is 

present in a benzoxazole ring 


CHEMO- 

THER- 

APY 

CENTER 

NO. 

STRUCTURE 

nun* 

mum 

CURA- 

TIVE 

DOSE 

MAXI- 

MUM 

TOLER- 

ATED 

DOSE 

THERA- 

PEUTIC 

INDEX 

' IN 
: VITRO 
INDEX 

966 

A 

1 

V 

C : lh 

/°\ 

C— CH==CH— ( 

yf 

toil CHr ~ ( 

3 < 
\n/ 
1 

C,I 

3H 

3 — CH, 

In 

ngm./ 
i| m. 

>4.0 

BJJM./ 

i/m. 

8.0 

<2.0 

0.4 

829 

-A 

V 

CdH 

/°\ 

C — CH— CH — C 

x >di CH --‘ 

3 C 

3 ( 

\N/ 

1 

C«I 

3H 

3— CH, 

It 

>1.6 

<4.0 

<2.5 

0.5 

IC-193 

A 

CjHj 

/°\ /Ox 

C — CH— C 

\N^ Nn/ 

/ \_ | 

; ICU Cjl 

A 

0 





0.25 

891 

<“> I 

0— ( 

(°\ 

C— CH — CH— ( 

\ 

C*H, 

< 

3 1 

3 < 

\s/ 

3;Hs 

1— 0,S— ^>— CH, 

3 AA_ CH , 

Xch=== L xj 
\ 

CH, 




0.2 


di-iso-propyl substitution yielded considerably higher activity than di-n-propyi 
or d-n-butyl substitution, while di-n-amyl substitution yielded a compound of 
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TABLE VIII 


The relatnc anhfilartal activity of a number of cyanine dyes tn which the quaternary nitrogen is 
present tn a benzolhtazole ring or a bcnzosclcnazolc ring 
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TABLE VIII — Concluded 



considerably less potency. Introduction of only one long alkyl radical was 
not as deleterious as introduction of two; for example, #764, with a methyl and 
an n-heptyl group on the tertiary nitrogen, retained an “in vitro index” of 0.5. 

Number K-1SS contained no tertiary nitrogen, and hence there was no reso- 
nating system between two nitrogens. This compound had an “in vitro index” 
of 0.02 which was low relative to the cyanines, but it was remarkable nonetheless, 
since it was the only compound studied which had an index of any significance 
despite the lack of the structural requirements described in the following 
paragraphs. 

As has already been pointed out in previous communications (1, 2, 3), a high 
degree of antifilarial activity was observed with compounds possessing the 
resonating amidinium ion system, in which a quaternary nitrogen was separated 
from a tertiary nitrogen by a chain of atoms referred to as a “conjugated” 
chain, i.e., a chain whose members were joined by alternating single and double 
bonds. Tables I to X illustrate that marked antifilarial activity in vitro was 
not restricted to any particular ring or rings, and was observed regardless of 
whether both nitrogens (tables to IX) or only one nitrogen (table X) was a 
part of a heterocyclic ring. If neither of the two nitrogens was part of a hetero- 
cyclic ring (table IX: #K-218), activity could be present, although at a much 
lower order of magnitude. On the other hand, if all the atoms linking the two 
nitrogens were part of a chain, and not a portion of a heterocyclic ring, activity 
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in vilro was completely abolished (table IX: $K-217). In the case of one 
compound, only one of the three linking atoms was part of the heterocyclic ring, 
yet anti filarial activity was retained (table IV: $831). In almost every case 
the atoms interposed between the two nitrogens were carbon; that this was not a 
requirement for activity is indicated by the fact that nitrogen could serve in 
place of carbon, as in $ 849 of table VIII which had an “in vitro index” of 0.3. 

Compounds closely related to cyanines, but lacking an amidinium ion reso- 
nating system exhibited either a very low degree of antifilarial activity in vitro 
or none at all ( $797 and $821, table I; $854 and $855, table III; $945 and 
$946, table IV; $912, $925, $1001, and $921, table XI). The last men- 
tioned group of compounds was interesting also from the standpoint of being 
possible degradation products of the cyanines in vivo . It has been pointed out 
already that in the case of one compound (IC-188, table X), some activity was 
observed in spite of the lack of a resonating amidinium ion system. This 
compound contained a quaternary nitrogen, but lacked the tertiary nitrogen to 
complete the structural requirements outlined. 

A large number of well-known organic dyes resemble the cyanines chemically 
in their possession of a tertiary and a quaternary nitrogen separated by a 
“conjugated” chain of carbon atoms. Since the antifilarial action of the cyanines 
appeared to depend on these particular structural features, it seemed of interest 
to include some non-cyanine dyes in the study for purposes of comparison. 
None of these was found to be active in vivo, but a considerable number possessed 
a low degree of activity in vitro . For the sake of brevity these non-cyanine dyes 
are listed here without their structural formulae; in each case the “m vitro 
index” is given within parentheses: (a) triphenylmethanc dyes: crystalviolet 
(0.025), brilliant green (0.1), malachite green (0.1), fuchsin (rosaniline) (0.1); 
(b) phenazothionium dyes: methylene blue (0), azur B (0) ; (c) phenazinium dyes: 
janus green (0.1), diethylsafranin (0.05), safranin-T (0.025); (d) other dyes: 
acridine orange (0.01), meldolas blue (0.003), shodamine B (0.0025), methyl- 
quinoline yellow (>0.002). Fluorescein, which possesses a “conjugated” chain 
between two oxygen atoms instead of two nitrogen atoms, exhibited no antifilarial 
activity in vitro. 

Because some organic antimony compounds have been shown to exhibit 
antifilarial activity in vivo (4, 5, 7, 11), ‘Fuadin’ and potassium antimonyl 
tartrate were tested in vitro. They were only tS f to tItt as active as the reference 
cyanine ( $ 348) in regard to their ability to inhibit the oxygen uptake of L. 
carinii. 

In contrast to their inhibitory effect on the respiration of malaria parasites 
(9), quinine and atabrine were found not to interfere with the respiratory 
metabolism of L. carinii. This is in agreement with the observation that these 
two antimalarials have no chemotherapeutic action in vivo against L. carinii 
in the cotton rat. 

F. Selection of compounds for further study. It has already been 
pointed out that the inherent antifilarial activity of these compounds would 
operate in the infested animal host in proportion to the influence exerted by 



TABLE IX 


The relative antifdarial activity of a number of miscellaneous cyanine dyes against L. carinii 

of the cotton rat 
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various host factors such as rate and extent of excretion, metabolic alteration, 
favorable and unfavorable distribution to the sites of occurrence of the invading 
parasite, etc. Since human filariasis involves a different host from that used 


TABLE X 

The relative aniifilarial activity in vitro of a number of slyryl-quirtoline dyes against L. carinii 

of the cotton ml 
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in this study, and a different site of occurrence of the invading parasite, namely 
the lymphatic system, it is obvious that the only infallible method of selecting the 
best compound would involve the testing against the human disease of at least 
those compounds shown to have a high degree of antifilarial action in vilro. 
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The impracticability of such a procedure is obvious. To minimize the modifying 
factors which might be imposed by a different host, and a different site of 
occurrence of the invading parasite, the compound selected from this study for 
further investigation should possess a high degree of activity against L. carinii , 
both in vitro and in vivo. Compound #863 (table IV) appeared to possess the 
best combination of indices, since it was twice as active as the reference compound 
(#348) in vitro and, in addition, had a high (absolute) therapeutic index. 
However, since many other qualifications would be demanded of a compound 

TABLE XI 


The relative anti filarial activity in vitro of a number of possible degradation products of cyanine 
dyes against L. carinii of the cotton rat 
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to be administered to human beings, it seemed unwise to eliminate all but one 
compound at this early stage of the investigation. Furthermore, 12 compounds 
had therapeutic indices of 10 to 15. Only 4 of these showed less than 50 per cent 
of the activity of #348 in vitro , while 5 were more active than the reference 
compound. These compounds were numbers 712, 713, 798, 824, 835, 871, 863, 
943, 963, 964, 965 and 967. All these were retained temporarily for further 
study in regard to possible therapeutic utility in human filariasis, with the 
exception of #712. This compound was omitted because of its very low 
solubility which accounts at least partly for its low degree of antifilarial activity 
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in vitro. This property also rendered an accurate measure of its chemothera- 
peutic activity impossible, since suspensions, rather than solutions, were injected, 
and residual drug was invariably found in the peritoneal cavity at autopsy 
following the administration of large doses. 

An additional factor, unanswered by any of the above considerations, but of 
paramount importance in transferring a drug of this group from the laboratory 
to the clinic, was its relative antifilarial potency for L. carinii of the cotton rat 
and for W. bancrofti of man. This would depend largely on the degree of 
similarity or dissimilarity in the metabolic characteristics of these two parasites. 
The impossibility of obtaining W. bancrofti for studies in vitro made it necessary 
to postpone the appraisal of this critical factor until the time of clinical trial of 
the particular cyanine dye eventually selected for this purpose. 

SUMMARY AND CONCLUSIONS 

(1) In a routine “screening” program, the cyanine dye, (l-amyl-2,5-dimethyl- 
3-pyrrole)(l,6-dimethyl-2-quinoline) dimethincyanine chloride (Chemotherapy 
Center # 348) was found to possess marked chemotherapeutic properties against 
the filarial parasite, Litomosoides carinii, of the cotton rat. 

(2) In doses which are only a fraction of those maximally tolerated this 
compound was able to produce complete cures when administered intraperi- 
toneally every eight hours for 6 days, once daily for 5 days, once daily for 3 days. 
Although a cure could be obtained with a single dose, the size of the latter 
approached that of the acutely lethal dose. 

(3) This compound inhibited the oxidative metabolism of adult L. carinii, in 
dilutions as high as 1:40 million. 

(4) A large number of related cyanine dyes were studied with regard to both 
their curative activity and their antimetabolic effect. The particular chemical 
structure which appears to be essential for the antifilarial effect, and the effect of 
various structural modifications on antifilarial activity, are discussed. 

(5) On the basis of a high degree of antifilarial activity both in vivo and in 
vitro, eleven compounds were selected for further study with the object of an 
eventual selection of one for clinical trial in human filariasis. 
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The parasympathomimetic properties of a number of alkyl polyphosphate 
compounds have been established in the course of several investigations into the 
pharmacologic actions of these agents. DuBois and Mangun (1) were the 
first to report the cholinesterase inhibiting effect of hexaethyl tetraphosphate 
(HETP). They found that HETP was about four times as potent as diiso- 
propyl fluorophosphate (DFP) in inhibiting rat brain cholinesterase activity 
in vitro. Hagan and Woodard (2) studied the toxicity of HETP for several 
species. Deichmann and Witherup (3) reported that tetraethyl pyrophosphate 
(TEPP) was about two and a half times as toxic as HETP when given orally 
to rats. Mangun and DuBois (4) included TEPP in a comparison of the po- 
tency of these compounds with that of DFP in inhibiting rat brain cholin- 
esterase in vitro. They found that a 50 per cent inhibition was effected by 4 
X lO-Dl/TEPP, by 1.6 X I(P S M HETP, and by 6.3 X 10~ 8 M DFP under the 
same conditions. Roeder and Kennedy (5) compared the effects of stimulating 
the afferent nerves entering the sixth abdominal ganglion of the cockroach 
in the presence of 6 X 1 0~ 5 M DFP and of 2.5 X 1 0~ 7 M HETP. They observed 
similar changes consisting of prolonged after discharge in the giant fibers of 
the ventral nerve cord and ganglionic transmission alternating from facilitation 
to temporary block. Koppanyi, Karczmar and King (6) gave evidence that 
TEPP increases the sensitivity of sympathetic ganglia at certain dosage levels. 
DFP and physostigmine were shown to have similar actions. Burgen et al. 
(7) compared the effects of TEPP and HETP on isolated tissues and on the 
chloralosed cat. Dayrit, Manry, and Seevers (8) made some detailed observa- 
tions on the pharmacologic action of HETP with special reference to its cardio- 
vascular, respiratory, and anticholinesterase effects in dogs. 

The purpose of this study was to compare directly, under the same experi- 
mental conditions, some of the pharmacodynamic actions of HETP and TEPP 
with those of three other better known cholinesterase inhibitors, e.g., physostig- 
mine, neostigmine, and DFP, in order to add to the information which might 
form the basis for selecting from these agents one which would serve best in 

' Preliminary report. Fed. Proc., 7: 212, 194S. 

- This investigation was supported in part by the Office of Naval Research, under con- 
tract NO ori-20, Task Order 11; and in part under contract- between the Medical Division, 
Chemical Corps, U. S. Army and the University of Chicago Toxicity Laboratory. Under 
the terms of this contract the Chemical Corps neither restricts nor is responsible for the 
opinions or conclusions of the authors. 
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specific cases as a leseaieh tool 01 as a theiapeutic agent The compaiative 
actions of these fi\e anticholinesteiase agents weie observed on the blood pres- 
sure, electrocardiogiam, isolated heart, and small intestine of canons species of 
experimental animals 

Experimental Effects on Blood Picssinc Toitysix cats neighing 2 to 
4 kgm and 25 dogs neighing 7 to 12 kgm neie used in this stud} The cats 
nere anesthetized n ith 180 mgm /kgm and the dogs nith 150 mg /kgm of 
Xa-phenobarbital mtrapentoneally The tiachca n as cannulated in all animals 
and a Palmer positrve piessuie aitificml icspnation pump nas used when re 
quired Blood picssurc changes nere recouled by a meicui} manometei con 
nected to the light carotid nrtei} The light fcmoial \ein nas used foi mjec 
tion Chest movements nere recorded b\ means of a tamboui actuated by a 
pneumograph placed on the chest 

A single intiavenous injection of 0 3 mgm /kgm IIETP, 0 1 per cent in 
saline, geneially produced a 30 to 40 mm use in blood piessure which reached 
its maximum in 1 to 2 minutes and subsided to noimal in 7 to 10 minutes 
This effect nas not accompanied by an} significant change in heait rate, oi in 
respiratory rate oi amplitude A second injection of the same do^e, given 15 
minutes to 4 houis after the fiist, pioduced a depressoi response of about the 
same magnitude and duration (fig 1) A third such dose also elicited a fall in 
blood pressuie, this time attended by a marked slow mg of the heart and a fatal 
respiratoiy paialjsis (fig 1) Atiopinizcd cats (1 mgm /kgm ) gave successive 
pressor responses to the^e doses of HETP and surviv ed three to fiv e times the 
amount tolerated by unatropimzed animals Laigerdoses of atropine (10 mgm / 
kgm ) affoided greatei piotection against HETP toxicity and enhanced the use 
m blood pressuie The i espouses to 0 1 mgra /kgm of TEPP oi neostigmine 
and 0 2 mgm /kgm of phjsostigmme weie equivalent to those to 0 3 mgm /kgm 
of HETP under these conditions Furtheimore, these di ugs could be used inter 
changeably in a series of injections eliciting the above described sequence of 
blood pressuie changes, le using the above doses the piessoi lesponse to an> 
one was followed by a depiessor lesponse to the subsequent injection of anothei 
The blood pressure changes produced by DFP alone were slight and variable, 
but 0 6 mgm /kgm of DFP w ould i ev erse the pressoi i esponse to the subsequent 
injection of any of the above agents 

When smaller doses of HETP (0 15 mgm /kgm ) were injected mtrav enously, 
successive uses of 10 to 15 mm blood piessure could be elicited until the fourth 
or fifth injection which resulted in a depiessor lesponse This sequence also 
resulted from compaiable doses of TEPP, neostigmine, or physostigmme and 
heie again these drugs could be used mtei changeabl} in the senes of injections 

The injection of 0 6 mgm /kgm or more of HETP produced first a 30 to 40 
mm rise in blood pressuie lasting 2 to 3 minutes followed b} a precipitous fall 
accompanied by a marked slow ing of the heart and a great increase in pulse pres- 
sure suggesting strong vagal action with A-V block (fig 2) This pictuie per- 
sisted for as long as 30 minutes and artificial lespiration was fiequentl} requned 
to prevent death This change was not influenced by sectioning both vagi but 
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[<ihst Injection and Depressor Responses from Second and Third Injections 
Note time intervals and terminal respiratory paralysis 
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Mas abolished by 1 0 mgm /hgm of ati opine The approximate thieshold doses 
lequircd to elicit this response Mere 0 2 mgm /kgm of TEPP or neostigmine, 
0 4 mgm /Kgm of physostigmme and 1 0 mgm /hgm of DEP In the case of 
DFP this action Mas Mithout the preliminary use in blood pressure and did not 
oecui until about ten minutes after injection Tmo successive doses of 0 3 
mgm /kgm of HETP potentiated the deprcssoi action of acetylcholine about 
ten-fold Similar potentiation Mas produced by compaiable doses of each of the 
other foui diugs tested 

The piessor effects of physostigmme and neostigmine 1m e nc\ er been satisfac- 
tory explained (9, 10, 11) Expenments Mere therefoic conducted to attempt 



Fig 2 Blood Pressure Responses in Anesthetized Dogs (Sodium Phevobarbital) 
to Sivgle Large Doses of Each oi Five Cholinesterase Inhibitors Studied 
Showing marked primary pressor responses (except with DFP), and precipitous fall in 
blood pressure and great increase in pulse pressure (strong vagal action) Note delayed 
action of DFP and restorative effect of 20 mgm /kgm of procaine 

to elucidate the mechanisms involved in these blood pressure changes Com- 
plete nicotmization of the animal by giving a series of injections of nicotine 
sulfate at short intervals (1 mmute or less) until the piessoi lesponse to this 
diug was completely abolished did not influence the pressoi responses to HETP, 
TEPP, neostigmine or physostigmme This indicated that any ganglionic effect 
was not mcotine-Iihe These drugs also elicited then typical piessor responses 
in adienalectomized animals Bilateial nephrectomy, vagotomy, evisceiation 
or decapitation also had no definite effect on the pressor responses 
Small doses of the sympatholytic agent dibenamine HCI (5 0 mgm /hgm ), 
which reverse the pressor effect of injected epinephrine, did not influence the 


244 


PAUL R. SALERNO AND JULIUS M. COON 


pressor response to HETP or nicotine. However, large doses of dibenamine 
HC1 (30 mgm./kgm.) reversed the pressor response to both these drugs. This 
difference in the effects of adrenolytic and sympatholytic doses of dibenamine 
further supports the conclusion that liberated epinephrine does not contribute 
markedly to the pressor responses to these drugs. 

It is known (12) that the injection of procaine produces significant changes 
in the excitability of the autonomic nervous system. The depressor response 
to injected acetylcholine is greatly reduced, the pressor response to nicotine is 
reduced and the pressor response to epinephrine is increased. In a dose of 20 
mgm./kgm. procaine was seen to exert an atropine-like effect in preventing the 
depressor effects of HETP and TEPP and in abolishing the bradycardia and 
restoring a normal heart action after the larger doses of these drugs. Procaine 
was much less effective than atropine in this respect and the duration of its 
restorative and the extent of its protective actions were much less than that of 
atropine. 

Haimovici and Pick (13) reported that thiamine blocks the pressor action of 
nicotine. We found that 200 mgm./kgm. of thiamine-HCl given slowly in 
divided doses would effectively block nicotine and would markedly suppress 
the pressor responses to HETP and TEPP. Thiamine also blocks the stimulat- 
ing effect of nicotine on striated muscle as shown on the frog rectus abdominis by 
Unna and Pick (14). They concluded that this action of thiamine was on the 
myoneural junction. 

Electrocardiographic Changes. The Sanborn string galvanometer electro- 
cardiograph was employed on 22 dogs. In order to obtain suitable records 
consistently the dogs were anesthetized with 150 mgm./kgm. of Na-phenobar- 
bital. Observations were made using the conventional Leads I, II, and III. 

Electrocardiograms taken following single intravenous doses (fig. 3) of the 
drugs being compared revealed that similar profound changes in cardiac rhythm 
were produced by all of the agents. Electrocardiographic findings following 
HETP have been described by Dayrit, Manry, and Seevers (8) who observed a 
marked sinus bradycardia without an increase in the P-R interval, a partial 
to complete A-V block, and with larger doses a disappearance of the P waves. 
In addition to these changes we regularly observed, with the five drugs studied, 
marked changes in the T wave, such as inversion in all leads, or exaggeration 
with or without inversion especially in leads II and III. On one occasion in- 
version was seen in alternating cardiac cycles in all three leads after TEPP. 
Small doses were capable of producing a pressor effect, with no visible electro- 
cardiographic changes. Moderate doses produced a slowing which sometimes 
developed into varying degrees of A-V block. Large doses frequently precipi- 
tated a sudden A-V block without preliminary slowing, and in this case the P 
wave often disappeared and there was an increase in the magnitude and varia- 
bility of the T wave. 

The A-V block was manifested in almost every possible way. A-\ latios ot 
2 • 1 and 3 : 1 were frequently seen. More commonly however such blocks soon 
developed'into complete A-V dissociation with approximate ratios ranging from 
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delayed onset of the action of the DFP. Since these changes were not affected 
by vagotomy but were prevented or abolished by atropine or procaine and pre- 
vented by thiamine given previously, it is suggested that the site of action is at 
or peripheral to the intrinsic synapses of the parasympathetic innervation of the 
heart. Since the isolated heart was found to be highly resistant to all these anti- 
cholinesterase agents (see below) it appears likely that the observed effects on the 
heart of the intact animal are due to an accumulation of acetjdcholine coming to 
the heart by way of the circulation. 

Effects on the Isolated Rabbit Heart. Experiments were conducted upon 40 
isolated rabbit hearts perfused with oxygenated Ringer-Locke solution at a pres- 
sure of 50 to 70 cm. of perfusion solution at. 38°C. The aorta was cannulated 
and the perfusion fluid forced by gravity into the coronary arteries. Observa- 
tions were made on the effects of the anticholinesterase agents administered (a) 
as single injections into the perfusion line immediately adjacent to the heart and 
(b) in various concentrations in the stock perfusion fluid. 

The results of these tests indicated that the isolated heart exhibits little specific 
sensitivity to HETP or TEPP, as has been reported for physostigmine (15), 
DFP (16), and neostigmine (9). The injection of 1.0 mgm. (1.0 cc. of 1 : 1,000) 
of HETP directly into the cannula leading to the aorta and coronary circulation 
produced no apparent change in heart activity. In the intact cat or dog pro- 
found cardiac changes were always observed upon intravenous injection of 0.6 
mgm./kgm. Following the injection of 5 mgm. (0.25 cc. of 1:50) of HETP, 
the amplitude and coronary flow of the isolated heart were reduced to about one- 
half normal for about three minutes witiiout any marked change in rate. A good 
heart action was restored after this time but the amplitude did not return to 
normal (fig. 4). A second injection of the same dose produced the same reduc- 
tion in amplitude but this time an increase in rate of coronary flow occurred. 
However, the heart did not recover from the second dose and heart action 
stopped in about 15 minutes. These changes in amplitude and coronary flow 
were not influenced in any way by the presence of atropine in the Ringer-Locke 
solution in a concentration of 2 mgm. /liter (fig. 4) . The responses of the isolated 
rabbit heart to TEPP, physostigmine, neostigmine, and DFP administered in 
this way were qualitatively the same as those described for HETP. 

The maximum concentrations of HETP, TEPP, physostigmine, and DFP 
tolerated for one hour without effect on the isolated heart were determined 
when these agents were present in the oxygenated Ringer-Locke perfusion solu- 
tion. These concentrations are shown in table 1 along with an estimate of 
the extent to which they reduce the amount of acetylcholine necessary to produce 
a minimal and evanescent slowing of the heart. These results show no apparent 
correlation between the maximum tolerated perfused concentrations and the 
reported cholinesterase inhibiting capacity or the toxicity of the various agents. 
Furthermore there appeared to be no relation between the tolerated concentra- 
tions and the degree of the potentiation of the response to acetylcholine. 

The duration of the cardiac depression caused by minimal effective doses (0.2 
cc. 1:50,000) by acetylcholine was increased about five times by previous treat- 
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ment with tlic anticholinesterase agents. The potentiation of the action of 
acetylcholine was less following temporary perfusion or single injections of 
sub-toxic doses of HETP than during continuous perfusion with the drug. 
However, the isolated heart from a rabbit sacrificed one day after receiving a 
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Fig. 4. Isolated Rabbit Heart Pertused with Locke-Ringer Solution 
Atropine did not influence the changes produced by HETP 


TABLE 1 

Jl/aximum perfusion concentrations of anticholinesterase agents tolerated for one hour by 
isolated rabbit heart and resultant potentiation of the sensitivity to acetylcholine 


ANTI CROL1NFSTERASE ACENT 

MAX TOLF RATED CONCN 

X io-« if 

APPROXIMATE ACETTL- 
CKOL1NE POTENTIATION 

DFP 

0 3S 

40 times 

HETP 

2.0 

40 times 

TEPP 

3.5 

40 times 

Physostigminc 

5 0 

20 times 


dose of 0.3 mgm./kgm. HETP showed about a 20-fold deciease in the dose of 
acetylcholine usually required to elicit a minimal response. 

These studies indicated no qualitative diffeiences in the actions of the five 
drugs used on the isolated rabbit heart. Relatively large amounts of each were 
required to produce what appeared to be a direct toxic effect. This action is 
considered totally independent of the anticholinesterase properties of the agents. 

Effects on. the Small Intestine of the Rabbit. The comparative actions of the 
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five agents under investigation ivere studied using two hundred and thirty 
washed strips of rabbit ileum suspended in oxygenated Ringer-Locke solution 
in 100 cc. glass baths kept at a constant temperature of 37.5°C. Parallel tests 
were usually carried out on two intestinal strips recording simultaneously. All 
tests were made using gut specimens removed from a freshly killed animal. In 
a few experiments the motility of the gut in situ was recorded by means of a 
device described by Jackson (17). 

IIETP, TEPP, neostigmine, physostigmine, and DFP produced qualitatively 
the same changes in the activity of the isolated rabbit ileum. The minimal 
concentration producing a characteristic gradual increase in tone and a delayed 
change from the normal pendular rhythm to a peristaltic type of rhythm was 
determined for each drug. A departure from the pendular activity occurred 
abruptly 15 to 20 minutes after the introduction of the drug into the bath and 
the new peristaltic rhythm was characterized by a series of profound relaxations 
and strong contractions alternating at regular intervals of 1 to 3 minutes (fig. o). 
This peristaltic type of rhythm persisted as long as recordings were made, 3 
to 4 hours in some cases. The reversibility of these changes of gut activity 
was tested by repeated washing. It was found that although these effects of 
physostigmine and neostigmine were easily reversed by washing, with a return to 
normal pendular activity, the effects of HETP, TEPP, and DFP could not be 
reversed by washing. These findings are summarized in table 2. The potency 
of these drugs on the rabbit gut was of the same order as their reported effective- 
ness as cholinesterase inhibitors (6). The effects of HETP on four intestinal 
strips from two guinea pigs were essentially the same as those observed on the 
rabbit ileum. 

Atropine sulfate in a concentration of 3 X 10" 8 M restored normal tone and 
activity following the onset of the changes induced by a minimal effective dose of 
each anticholinesterase drug (fig. 0A). The magnitude of the antagonizing 
molar concentration of atropine (10~ 8 ) is of’the same order as that of the minimal 
effective concentrations of all five agents. Larger doses of the cholinesterase 
inhibitors (100 to 1000 times the minimum effective dose) broke through the 
protection afforded by the above concentration of atropine but did not completely 
abolish the normal pendular rhythm. The fact that a given concentration of 
atropine blocked the action of a vide range of doses of a cholinesterase inhibitor 
probably indicates that the atropine is antagonizing endogenous acetylcholine 
which may be independent of the dose of the inhibitor over this range. 

An increase above the minimal effective concentration of the anticholines- 
terase drug in the bath resulted in a more rapid onset of the typical changes in 
the rhythm of the intestinal strip. A one hundred-fold increase in concentration 
gave rise to an immediate effect. One-tenth the minimal effective dose of 
HETP potentiated the response of the gut to acetylcholine about 100 times. 
The administration of acetylcholine into the bath after a minimal effective dose of 
HETP hastened the onset of effect of the latter. Acetylcholine itself, however, 
did not induce the changes in rhythm described above for the cholinesterase 
inhibitors. 
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Fig. 5 Isolated Rabbit Ileum Suspended in 100 cc. Bath or Oxygenated Locke 
Ringer Solution to which tiie Above Indicated Doses were Added 
Note slow rise in tone, delayed sudden change from pendular to peristaltic rhythm, and 
reversibility of the effect of neostigmine by washing. 


TABLE 2 

Minimal effective concentrations of anticholinesterase drugs producing changes in 
rhythm of isolated rabbit ileum, and the influence of washing 


ACFVT 

MINIMAL EFFECTIV 

X 1 

By Weight 

E CONCENTRATION 

l r* 

On Molar Basis 

IS EFFECT REVERSED 
BY WASHINC? 

TEPP 

1.0 

3 5 

No 

Physostigmine . 

1.4 

3.5 

Yes 

Neostigmine . 

1.4 

4.3 

Yes 

HETP . 

5 0 

9.8 

.No 

DFP 

10 0 

54.3 

No 
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Fig 6 Isolated Rabbit Ileum as in Fig 5 

(,i) The revei sal to pendular rhythm caused by atropine was removed by washing, (b, c) Procaine and thiamine caused 
reversal to pendular rhythm but did not block rise in tone. 
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The nature of the response of the intestinal strip to these drugs was further 
studied in relation to nicotine, procaine, and thiamine A series of injections of 
nicotine (0 2 cc of 1 10,000 into a 100 cc bath) at about five mmute intervals 
resulted in successively smallei fleeting increases m tone until at the end of the 
fourth injection the intestinal strip was no longer responsive Here it is sup- 
posed that the nicotine paralyzed nerve tissue only (ganglion cells), for the 
normal pendular activity, which is thought to be independent of nerve tissue, 
was not affected When an effective dose of HETP was then given, there 
resulted an increase in tone and a decrease in amplitude but not distortion of 
rhythm If a series of nicotine injections w as introduced into the bath after the 
full HETP effect was produced, the pendular type of activity w as restored 
Procame-HCl in a concentration of 5 X 1(H maintained normal pendular 
activ ity if giv en before or restored it if given after an effective dose of any of the 
cholinesterase inhibitors studied (fig GB) The action of procaine was like that 
of atropme except that the rise in tone was not blocked Procaine merely 
preserved the pendular rhythm Procaine in doses which had little effect on gut 
activity blocked the effects of nicotine and reduced the response to acetyl- 
choline The significance of this will be discussed later 
Thiamme-HCl in a concentration of 5 X 10~ 4 was also effective m reversmg 
the effects of minimal effective concentrations of the cholinesterase inhibitors 
(fig 6C) Unna and Pick (18) have shown that thiamine will block the action 
of nicotine on the gut Following HETP, TEPP, and DTP the blocking ac- 
tions of thiamine, atropme or procaine could be reversed by flushing out the 
bath, this reestablished the typical peristaltic rhythm previously induced by 
these agents This effect m the case of atropme is demonstrated in fig 6A 
Small doses of HETP (less than 0 15 mgm /kgm ) which did not elicit marked 
blood pressure responses produced a marked contraction of the small intestine 
in sifu in the cat The increase in tone and increased peristaltic action under 
these conditions lasted only about 20 minutes Similar responses were ob- 
served with comparable doses of each of the other four cholinesterase inhibitors 
Apparently the distribution of the drug in the mtact animal is such that the 
concentratibn attained m the intestine has only a fleeting action 
Preliminary tests show ed that the isolated uterus of the rabbit or guinea pig 
was not responsive to the drugs studied here 
Discussion The results of this comparison of five potent cholinesterase 
inhibitors discloses an extensive parallelism between these drugs with respect 
to certain pharmacologic actions With only one exception, namely the failure 
of DFP to elicit a consistent pressor response upon intravenous injection in the 
dog and cat, all five agents exhibited the same pharmacologic properties when 
tested upon the circulation of anesthetized dogs and cats, upon the electro 
cardiogram in the anesthetized dog, and upon the isolated heart and intestmal 
strip of the rabbit Smce these five drugs gave qualitatively similar responses, 
it is not unlikely that a common site and mode of action is the causal factor in 
producing these responses in the physiologic systems tested The manner in 
which the effects are influenced by other pharmacologic agents and the fact that 
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these drugs are interchangeable in eliciting the characteristic sequence of blood 
pressure responses with repeated doses in the intact animal constitutes further 
support for a common mode of action. 

It is readily conceivable that in the case of the isolated intestine, this mode of 
action is based solely on the anticholinesterase activity of the drugs. Here it 
seems significant that the minimal effective concentration of these agents was of 
the same order as the reported 50 per cent cholinesterase inhibitory concentra- 
tions (6) . In the case of the isolated heart, however, where there is no accumula- 
tion of acetylcholine, the observed effects of these cholinesterase inhibitors 
could hardly be attributed to an inactivation of cholinesterase. Their actions 
here were still markedly similar, however, though the amounts necessary were 
so large that the effects could not possibly be of significance in intact animal 
studies. 

The pressor effects of these agents have been described (6, 9, 10, 11) but 
they have not been satisfactorily explained. Koppanyi et al. (6) offer evidence 
that the cholinesterase inhibitors alter the sensitivity of sympathetic ganglia. 
In confirmation of the results of other workers we were not able to diminish 
significantly the responses to these drugs by adrenalectomy or evisceration. 
Nicotinization also had no influence. However, we succeeded in reversing the 
pressor effects of HETP, TEPP, physostigmine and neostigmine by large sym- 
patholytic doses of dibenamine. Smaller adrenolytic doses of dibenamine did 
not modify the pressor responses. These facts constitute evidence that the 
drugs either are able to stimulate sympathetic ganglia which are presumably 
paralyzed by nicotine, or can exert a peripheral sympathin-like action which 
requires large doses of dibenamine to neutralize. Neither of these possible 
actions could be considered referable to an inhibition of cholinesterase. 

A very rapidly developed apparent tachyphylaxis to the pressor action of 
these agents was observed. This was not a true tachyphylaxis, however, for 
the atropinized animal gave successive pressor responses to repeated moderate 
doses until a respiratory paralyzing dose accumulated in the body. It is logical 
to suppose that small pressor doses do not have sufficient anticholinesterase 
activity to result in any obvious parasympathetic stimulation, but with repeated 
doses the cumulative antiesterase action becomes dominant and any persisting 
peripheral vasoconstriction is masked. 

Why DFP does not elicit a pressor response like the other drugs studied is not 
known. Some light on this question may be furnished by the fact that DFP has 
a greater affinity for the non-specific plasma cholinesterase than for the specific 
true cholinesterase of brain and peripheral nerve (21, 22). It is well known that 
very low plasma esterase levels are not necessarily reflected in pharmacodynamic 
responses. It is significant that DFP, which does not exhibit a pressor action, 
readily contributes to the induction of tachyphylaxis to the pressor action of 
HETP, TEPP, physostigmine and neostigmine. 

In the intact animal the cardiac effects of the agents studied may be explained 
by the accumulation of acetylcholine. Since these effects are not influenced by 
vagotomy but are abolished or prevented by atropine, and do not occur in the 
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isolated heart, one must conclude that the accumulated acetylcholine in this 
case comes to the heart by way of the circulation, and is not the product of a 
stimulation of the parasympathetic ganglia in the heart muscle by the anties- 
terases themselves. It is possible, however, that the acetylcholine so accumu- 
lated may induce such a ganglionic stimulation, thus resulting in the liberation 
of more acetylcholine at the nerve endings. The comparatively weak blocking 
action of procaine, compared with that of atropine, against the cardiac effects 
of the esterase inhibitors, may be explained on this basis. It may be presumed 
that procaine eliminates the action of acetylcholine on the synapses but affects to 
a lesser extent (19) the action on the cardiac effector cell. 

In the case of the isolated rabbit heart it was observed that the maximum 
concentrations of the antiesterase drugs tolerated for one hour without effect 
were of the order of 10,000 times more than the minimal concentrations which 
would produce an increase in tone and a change in rhythm of the isolated rabbit 
intestine. This difference would be expected from the fact that acetylcholine is 
continually being formed in the isolated gut (23) but not in the isolated heart. 
The atropine-like action of procaine and thiamine in reestablishing a normal 
pendular rhythm after its distortion by the esterase inhibitors suggests that 
ganglionic stimulation plays a role in the effects of the latter on the gut, since 
procaine and thiamine are thought to interfere with nerve transmission but not 
with the action of acetylcholine on the effector cell. It is supposed that such a 
ganglionic stimulation results from the accumulated acetylcholine and not 
directly from the esterase inhibitor itself. It is significant that nicotine, in 
concentrations sufficient to paralyze the ganglion cells, prevents the typical 
change in rhythm induced by the antiesterases. We were not able to elicit this 
change with acetylcholine itself, possibly due to the failure of this agent to gain 
access to the' exact site at which the physiologically liberated acetylcholine 
acts. 

The mechanism by which the anticholinesterase agents abolished the pendular 
movements in the rabbit gut and set up a slow peristaltic rhythm is not clear. 
The fact that the pendular activity can continue in the presence of atropine, 
procaine, thiamine, and nicotine suggests that this behaviour is independent 
of neurogenic factors. These drugs, however, readily prevent or abolish the 
peristaltic activity induced by the antiesterases, suggesting that this behaviour 
is on a neurogenic basis and depends on the accumulation of acetylcholine. It 
is conceivable that the onset of the peristaltic action, accompanied by strong 
constriction rings in the circular muscle, interferes with the contractions of the 
longitudinal muscle which constitute the pendular movements. 

It was observed (table 2) that TEPP, physostigmine, and neostigmine were 
approximately equal in potency with respect to the minimal molar concentrations 
producing a change in rhythm in the isolated rabbit gut, while HETP and DFP 
were less effective. It is of interest to note that Koppanyi el oil. (6), using a 
pharmacodynamic response in the dog to estimate the concentrations of TEPP, 
physostigmine, HETP, and DFP necessary to produce 50 per cent inhibition of 
cholinesterase arrived at the same relative potencies for these agents as were 
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derived from our experiments. Though our absolute concentrations were of the 
order of 100 times higher than those tabulated by Koppanyi el al., they are 
approximately equivalent to the 50 per cent esterase inhibiting concentrations 
measured directly on rat brain and cockroach tissue (1) and considerably lower 
than similar measurements on human and horse serum (20). To what extent 
the isolated rabbit intestine might be useful in the bioassay of the cholinesterase 
inhibiting activity of chemical substances must be a subject of further investiga- 
tion. 


SUMMARY 

1. The pharmacological effects of HETP and TEPP were compared with those 
of physostigmine, neostigmine and DFP on the blood pressure of anesthetized 
cats and dogs, on the electrocardiogram of anesthetized dogs, and on the isolated 
heart and intestine of the rabbit. 

2. In these tests HETP and TEPP exhibited no qualitative differences in 
action from physostigmine and neostigmine. 

3. With the exception of DFP, all of the drugs compared elicited qualitatively 
similar cardiovascular responses. DFP lacked a definite pressor effect and the 
onset of electrocardiogram changes was delayed. 

4. Typical electrocardiographic changes following each drug were bradycardia, 
A-V block and dissociation, exaggeration and inversion of the T wave, and disap- 
pearance of the P wave. 

5. The isolated rabbit heart was relatively insensitive to high perfusion con- 
centrations or to single injections. Effective concentrations of each drug caused 
depression in amplitude without change in rate. The order of potency in this 
respect was DFP > HETP > TEPP > physostigmine. 

6. The isolated rabbit intestine exhibited a high degree of sensitivity to 
all these agents. After a latent period the pendular movements were inter- 
rupted by a slow peristaltic type of activity. In their minimal effective concen- 
trations these drugs bore the same relation to each other as in their reported 
anticholinesterase activities. Their effective concentrations were also of the 
same order as the 50 per cent cholinesterase inhibiting concentrations which have 
been reported. 

7. These changes produced by HETP, TEPP, and DFP in the isolated intes- 
tine were not reversed by flushing the bath while the changes induced by physo- 
stigmine and neostigmine were reversed by flushing. 

8. The tested pharmacologic actions of each of the five antiesterases were 
influenced in a similar way by other drugs, such as atropine, dibenamine, nico- 
tine, procaine, and thiamine. 
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Although much is known of the toxicity of aromatic amino compounds, 
little is understood about factors which influence their effect in vivo. Claims 
have been made concerning the aggravating effect of alcohol on the methemo- 
globinemia of aromatic amines (1), and the protective effect of partial hepatec- 
tomy in aniline poisoning (2). In this report the advantage of the fasting 
over the postprandial state in withstanding exposure to vapors of commercial 
xylidine is demonstrated. Fasted cats were found to tolerate exposure to the 
xylidine-laden atmosphere for hours without evidence of serious disturbance. 
On the other hand, cats given large amounts of protein by forced feeding prior 
to exposure to xylidine exhibited a striking syndrome characterized by hyperpnea, 
panting, ptyalorrhea, agitation, and not infrequently death. Pathologic studies 
were made in search of a basis for this marked difference in reaction. 

PnocEDUHE. The procedure adopted for exposing animals to xylidine by inhalation 
resembled that previously reported from this laboratory (3) . Aliquots of a single shipment 
of xylidine recently received or purified by distillation were placed in the bubbler, and air 
was passed through this and on into a 400-liter capacity exposure chamber at a rate of about 
20.6 liters per minute. This vapor was diluted with air from a line having a flow of 170 
liters per minute, thus insuring adequate ventilation . By employing a commercial prepara- 
tion of the 6 xylidine isomers, conditions which might actually occur were more nearly 
reproduced. Xylidine concentration in the chamber atmosphere was determined by col- 
lecting an air sample in dilute HsSCL, diazotizing and coupling with “II acid” (3). 

Two to 6 cats, including at least one fasted and one yeast-fed animal (force-fed), were 
put in the chamber — usually in the evening— and were left there with intermittent obser- 
vation for about 16 hours. Healthy adult cats were used which had been acclimatized to 
the laboratory environment at least four months. A few more female than male cats were 
used, but an equal sex distribution was achieved between the fasted and fed groups. 

After the first three experiments the respiratory rate and estimated degree of salivation 
were recorded at each observation. Respiratory rates were counted in triplicate by gross 
inspection with a stop watch. 

A suspension of dried brewer’s yeast (Vita Food Green Label), 20 per cent by weight in 
skim milk, plus 5 per cent liver powder (Lilly) was given by gastric intubation in the first 
three experiments, whereas a 25 per cent suspension of yeast in skim milk was administered 
subsequently. The fasted animals were offered no food after their last regular meal, either 
24 or 48 hours prior to exposure, and in the first three experiments were given water by in- 
tubation in amounts equal to the yeast-milk feedings. 

In a first series of three experiments, it was planned to determine the effect of high pro- 
tein intake and of p-aminobenzoic acid (PAB), a possible antidote (4), on survival, patho- 
logic changes, methemoglobinemia, and Heinz body formation after exposure to xylidine 
vapors. Methemoglobin (MHb) and total hemoglobin concentration were determined ac- 
cording to the method of Horecker and Brackett (5). The blood turbidity ratio, which is 
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a quantitative photometric measure of the turbiditj imparted to hemoh zed blood by the 
insoluble Heinz bodies, was measured bj the method of Horecher (6) The force fed am 
mals were given 20 cc per hgm of jeast liver milk suspension three times during the 8 
hours preceding exposure m all three experiments, and were given the same amount once, 
24 hours before exposure m the first tw o experiments or tests The xv hdine concentration 
determined once during the exposure w as 0 IS and 0 17 mgm per liter in the first and second 
tests 

A second series of S experiments w as carried out employ ing the same exposure procedure 
ns previous!} except on two tests which were started in midforenoon The >cast milk sus 
pension w as tube fed in 75 (=fc 25) cc amounts once dailj , 1 to 4 da\ s before exposure and in 
60 (rfc 10) cc amounts once or twice in the 6 hours preceding the start of exposure The 
xjlidme concentration mevsurod at different times on several runs varied between 0 11 and 
0 27 mgm per liter 

In a final series of 5 experiments the fed animals were given bv intubation about 55 cc 
of jeast milk mixture or skim milk 2 to 4 hours and 50 cc one half to one hour before being 
exposed One of the two fed animals in each of the last tw o tests receiv ed skim milk with 
out j east In addition, the non fasted cats w ere offered their regular diet of meat and milk 
after the first intubation The \v hdine concentration m the chamber atmosphere measured 
once during each test w as 0 10 db 035 mgm per liter 

Results As noted in table X, all the fasted animals surviv cd more than 2-1 
hours after exposure, vv hereas 29 per cent of the fed animals died during exposure, 
and 17 per cent died the following da} Inasmuch as the effect of feeding on 
xylidine toxicitj appeared to be an acute one, onl} the earl} survival data are 
given Senous hepatic and other lesions developed later, equalizing the over- 
all surviv al in the tw o groups 

The mean of the respirator} rates for all cats observed at specific intervals 
duiing, and m some instances before, exposure are shown m table II The 
observation time vaiied in different tests, so the number of cats on which the 
mean was determined differs at each interval The wide range of variation in 
the rates might be m part attributed to the tendency — referred to later — for 
the toxicit} of x} lidine, and the effect of feeding on thib toxicity, to v ary vv ith 
the season 

A rate of 70 or more per minute w as observ ed m 94 per cent of the fed animals 
and in only 22 per cent of the fasted cats A rate of 200 or more per mmute 
occurred m 59 per cent of the fed group but in only 4 per cent of the fasted 
animals A respiratory rate greater than 200 was observ ed in 80 per cent of the 
animals in the second and third series that died within 24 hours of exposure 
The accelerated respiration first appeared from 15 minutes to several hours after 
onset of exposure and generally wore off tow ard the end of exposure The rate 
often decreased markedly shortly after an emesis 

The one animal exposed first m the fasted and months later in the fed condition 
dev eloped tachypnea only on the latter occasion Many of the fed animals, but 
none of the fasted, dev eloped a syndrome characterized hy marked agitation, 
panting, cyanosis, pt} alorrhea and a glassy fixed expression about the eyes 

It was evident that the degree of ptyalism resultmg from the xy hdine inhala- 
tion was greater in the fed animals No saliv ation was noted m 74 per cent of 
the fasted animals in the second and third series, and only a moderate degree of 
ptyalism w as observ ed in the remaining 2G per cent This contrasts with the 55 
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per cent of the fed animals showing marked to extreme ptyalism in which a 
steady flow of saliva dripped from the mouth and soaked the face, thorax, and 
forelegs. 


TABLE I 


Survival of fed and fasted cats exposed to xylidinc inhalation 


EXPERIMENTS 

j 

TOTAL NO. CATS 

NO. DIED DURING 
EXPOSURE 

: 

NO. DIED WITHIN 24 
HRS. AFTER END OF 
l EXPOSURE 

NO. SURVIVED > 24 
HRS. 

Fasted animals 

1- 3* i 

12 i 

; 

j 

12 

4— Ilf 

17 


— 

14 

12-15 

10 | 


— 

10 

Fed animals 

1- 3 | 

6 

5 

' l 

0 

4-1 If | 

17 

4 

— 

10 

12-16} 

15 

! 2 

5 

8 


* Half the animals received PAB solution instead of water at intubation, 
t A fasted and fed animal sacrificed for histopathology at end of exposure in three experi- 
ments. 

% Survival the same in milk and milk + yeast-fed groups. 

TABLE II 


Respiratory rates in fed and fasted cals before and during xylidinc exposure 
( Respirations per minute ) 


| TASTED ANIMALS 

TED ANIMALS 

or EXPOSURE 

No. of cats J 
i observed’ | 

_ Mean i 

: respiratory rate’ 

Std. dev. j 

No. of cats , 
observed* 

# Mean 

respiratory rate 

Std. dev. 

Before exposure 

3- 6 

8 

j 43.0 

! 16.5 

1 s - 

41,4 ' 

j 16.1 

0- 2 

8 

40.3 

| 15.7 

; 14 

44.6 

17.0 

During exposure 

1 

S 

2S.6 

11.5 

9 

40.1 

12.9 

1- 2 

7 

31.3 

14.0 

12 

157.5 

72.5 

3- 4 

27 

45.6 

31.3 

j 29 

186.8 

96.7 

5- 0 

11 

53.3 

60.0 

13 

151.1 

69.2 

7- 9 

10 

28.7 

9.4 i 

15 

133.0 

05.5 

13-16 

6 

• 

24.2 

9,5 j 

0 

1 

57.8 

: 40. 8 


* When rates were recorded twice in a given time interval for an animal, the average of 
these two was used in computing the mean for all the cats. 


MHb and Heinz body determinations on most of the animals exposed in the 
second scries of experiments failed to reveal a difference between the fasted 
and the fed groups at the end of exposure. That the hyperpnea in fed cats was 
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not due to a high level of methemoglobinemia was shown by the virtual absence 
of MHb from blood samples of three fed animals taken at a time when they ex- 
hibited marked tachypnea. The effect of the administration of PAB to half the 
fasted animals in the first series of experiments which tended to show that PAB 
enhanced and prolonged the xylidine-induced rise in the MHb and Heinz body 
levels will be reported elsewhere. 

Certain incidental observations may be mentioned. Periodic erythrocyte 
counts and hemoglobin and hematocrit determinations revealed severe anemia 
in a few cats about 7 days after exposure, followed in the survivors by a marked 
reticulocytosis sometimes reaching 70 per cent. In addition, numerous large 
Heinz bodies and a pink benzidine-positive plasma were observed in the anemic 
cats. Animals weak and prostrate in the cage two or three days after exposure 
were seen on occasion to produce a red-orange discoloration of the sawdust 
where contaminated with saliva. Reddening of wood shavings — a commonly 
observed property of urine from animals treated with aniline — indicates in this 
instance excretion of xylidine metabolic derivatives in the saliva. 

The first and third series of experiments carried out in succeeding summers 
showed the difference between fasted and fed animals more strikingly than did the 
second series of 8 tests carried out during the intervening winter. However, 
the average xylidine concentration attained in the first and third series fell 
respectively above and below that found in the intervening (winter) series. 
This indicates a seasonal effect, the causes for which have not been investigated. 

Pathology. Studies were made on formalin-fixed tissues of 27 fasted and 
26 force-fed cats exposed to xylidine. Sections were stained with azure eosinate 
and frequently for hemosiderin, fat (7) and hemoglobin (8). Pathologic changes 
varied with the length of survival. 

Changes in the Liver. In the first 48 hours, there was usually centrolobular 
congestion. Most of the liver cells, centrolobularly or diffusely, showed in- 
creased cytoplasmic eosinophilia and a variable amount of fat; a few cells were 
necrotic. Cats dying 3 to 11 days after exposure (3 to 1 1-day cats) often showed 
extensive centrolobular necrosis with disappearance of many liver cells, leaving a 
collapsed congested stroma moderately infiltrated chiefly by hemosiderin-laden 
and fat-laden phagocytes. Proliferation of small bile ducts and of bile duct 
epithelium was common. Most of these cats were jaundiced and showed in- 
spissated bile casts in manj' canaliculi and bile-stained material in some bile 
ducts. One jaundiced cat dying 53 days after exposure showed in addition to 
such changes some interportal fibrous bands suggesting a possible beginning 
cirrhosis. Four other cats examined after the eleventh day showed no significant 
changes. 

Changes in Other Organs . Pulmonary edema of variable extent was noted in 
10 of 10 one- to five-day cats that had a maximum respiratory rate of 150 or 
more per minute during exposure and in only 1 (rate 84) of 11 such cats with a 
maximum respiratory rate below 150 (24 to 144). It was not seen after the fifth 
day. The myocardium of cats dying within 4 days after exposure showed 
slight to moderately marked, patchy or diffuse, fatty degeneration. The kidneys 
were often congested, and some showed hyaline and granular casts or bile- 
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stained material in a few tubules. Hemoglobin casts were noted in seven of nine 
5-day and 6-day cats. The thymus of cats dying within 4 days after exposure 
was often markedly congested; about half showed scattered petechiae. No 
petechiae were noted after the fourth day, but involution of the thymus with 
cortical depletion of lymphocytes was common. The adrenal cortex of one 3- 
day cat showed several areas of hemorrhagic necrosis. The spleen of one 5-day 
cat showed several infarcts. Hemosiderosis of the spleen, liver, lungs and renal 
convoluted tubules was frequently marked after the third day. 

Discussion. Pulmonary edema noted here for the first time as a feature of 
xylidine toxicity was confined to, and involved the majority of, 1- to 5-day cats 
showing marked hyperpnea. Whether the edema constitutes a basis for the 
hyperpnea or simply occurs with it as a result of the same or separate etiologic 
processes remains a question. There is experimental evidence in rats that 
petechiae in the thymus may occur after severe anoxia (9) and rapid involution 
of the thymus may occur after a variety of noxious agents (10). Perhaps this 
may explain the changes in the thymus of our exposed cats. 

It is thought that the severe anemia noted in a few cats was due to intra- 
vascular hemolysis since in these animals there was observed a pink, benzidine- 
positive plasma. Moreover, cats dying after the fourth day often showed 
hemoglobin casts in the renal tubules, brown benzidine-positive sediment in the 
urinary bladder, and hemosiderosis of the viscera. 

The greater susceptibility of fed cats to acute effects of xylidine vapors cannot 
be attributed to a summation of toxic effects, for the milk, or yeast and milk 
feedings alone, produced no significant symptoms or lesions. Emesis occurring 
during exposure was often followed by considerable relief of respiratory distress. 
Symptoms in the fed animals subsided after exposure for several hours, so that 
the survivors in this group, aside from appearing weaker, resembled the controls 
at the end of exposure. The enteric absorptive process is apparently required 
for development of the effect. 

As an explanation for the increased susceptibility during food absorption, it 
may be postulated that the postprandial acceleration in metabolism of amino 
acids — some of them aromatic amines — opens pathways whereby the oxidation, 
conjugation, or other metabolic alteration of xylidine to toxic intermediaries is 
augmented. Perhaps, also, the increased splanchnic blood and lymph flow in 
fed animals augments reabsorption of toxic derivatives excreted in the intestine 
(3). Finally, it is possible the increased circulatory and metabolic load in the 
postabsorptive state may overburden a toxic heart which is probably functionally 
impaired, as suggested by the fatty degeneration noted above. 

SUMMARY 

In contrast to fasted cats, those fed milk or milk and yeast reacted to xylidine 
vapors with an acute disturbance characterized by hyperpnea, panting, ptyalism, 
and frequently early death. Survivors of both groups developed a high level 
of MHb and Heinz bodies in the blood, often followed by a severe hemolytic 
anemia and jaundice. 
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Pathologic studies showed pulmonary edema occurring chiefly in the hy- 
perpneic animals and lesions of the liver, kidney, heart and thymus occurring 
in both groups 
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Among the interesting chemical compounds which came to the attention 
of the Technical Intelligence Committee at the end of the recent war in Germany 
was p-dimethylaminobenzenediazo sodium sulfonate (DAS) which has the follow- 
ing chemical structure: 



This compound has been employed in Germany as a rodenticide; however, infor- 
mation concerning the toxicity of DAS, its efficacy as a rodenticide and its 
pharmacological action has been Jacking in this country. Our interest in this 
new compound was stimulated not only by its possible value as a rodenticide 
but also by the close chemical similarity between DAS and the carcinogenic 
azo dyes. 

The present investigation on DAS was carried out to (a) measure the acute 
toxicity to several species (b) ascertain its efficacy as a rodenticide and (c) 
observe the pathological and pharmacological effects produced by the compound. 
Some experiments were also performed on N,N-dimethyl-p-phenylenediamine 
since this compound was the starting product for the synthesis of DAS and 
might be formed during the metabolism of DAS as it is in the case of other 
similar azo dyes (1). Comparable experiments with DAS and N,N-dimethyl- 
p-phenylenediamine might, therefore, indicate whether the parent compound or 
a diamine derivative was responsible for the toxic action. 


Methods. Sprague-Dawley rats (ea. 200 grams), Carvrorth mice (ca. 20 grams), adult 
guinea pigs (ca. 600 grams), adult rabbits (ca. 3 kgm.) and adult dogs were employed for 
these studies. DAS was synthesized by diazotization of N,N-dimetbyI~p-phenyIenedi- 
amine and subsequent sulfonation according to the procedure of Stolid (2). Aqueous solu- 
tions of DAS and N,N-dimethyl-p-phenylenediamine were administered intraperitoneally 
and mortality was observed for 10 days following administration of the drug. 

For blood studies on rats and guinea pigs samples were taken by cardiac puncture from 
ether-anesthetized animals before and at intervals after the administration of DAS or the 

1 The work described in this paper was done under contract between the Medical Di- 
vision, Chemical Corps, U. S. Army and the University of Chicago Toxicity Laboratory. 
Under the terms of the contract the Chemical Corps neither restricts nor is responsible for 
the opinions or conclusions of the authors. 
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diamine. Blood samples were taken from the marginal ear vein of unanesthetized rabbits 
and by cardiac puncture from mice under sodium pentobarbital anesthesia (SO mgm./kgm. 
intraperitoneally). Successive blood samples were taken from the same animal except in 
the case of mice where only one sample of blood was withdrawn from each mouse. 

Blood glucose was measured by the method of Folin and Mnlmros (3) using a Somogyi 
blood filtrate (4) and glycogen was determined according to the method of Good et al. (5). 
For the measurement of the reducing value of urine the samples of urine were diluted with 
an equal volume of 0.05 N oxalic acid, then thoroughly mixed with Fuller’s Earth (150 
mgm./cc.) and centrifuged (6). A Somogyi filtrate was prepared from the supernatant 
liquid and the reducing value was measured by the same procedure employed for the blood 
samples. 

Experimental. Toxicity of DAS and N , N-dimdhyl-p-phemylcncdiamine to 
mammals. The acute toxicity of DAS to mammals was measured in order to 
evaluate the rodenticidal action of the compound and to ascertain which species 
exhibited the greatest susceptibility toward the toxic agent. Comparable toxic- 
ity measurements were performed on N , N-dimethyl-p-phenylenediamine to 
observe whether the species susceptibility to this compound was similar to that 
for DAS since such a comparison might indicate whether the acute toxic action 
of DAS was due to the parent molecule or a diamine resulting from the degrada- 
tion of DAS in vivo at the azo linkage. The acute toxicity of DAS and N,N- 
dimethyl-p-phenylenediamine given intraperitoneally to five species is shown 
by the data in table 1. The approximate LD M values for rats, mice and guinea 
pigs were determined by the log probability method while values for rabbits and 
dogs were obtained by gross inspection of the data. 

These toxicity data demonstrate that there is considerable variation in the 
susceptibility of different species to DAS. In comparison with rats for which 
the LD W was 15 mgm./kgm., mice were over four times more resistant, guinea 
pigs twice as resistant and dogs and rabbits exhibited a susceptibilitj' similar 
to that shown by rats. No sex or age differences in the susceptibility of animals 
to DAS were observed. 

The species variation in susceptibility to N, N-dimethyl-p-phenylenediamine 
differed considerably from that observed with DAS. The LDso for mice and 
rats was nearly the same, being 21 and 25 mgm./kgm., respectively, while 
rabbits were about five times more resistant and guinea pigs twice as resistant 
as mice toward the compound. Thus, the difference in susceptibility of various 
species to the two compounds suggests that the toxic action of DAS does not 
depend upon its conversion to a diamine in vivo. 

Symptomatology and pharmacodynamic observations of DAS. Acutely toxic doses 
of DAS produced a general depression and an apparent exhaustion of energy in 
all of the species studied. In rats after twice the LDso dose these reactions 
began within 2 hours after poisoning with the depression progressing until, 
in the terminal stages of poisoning, the animals became flaccid and made no 
attempt to right themselves when placed on their backs. Sometimes slight 
tremors were observed and convulsions almost always preceded death. Or- 
dinarily death occurred within ten hours after acutely lethal doses of DAS 
but sometimes it was delayed for several days. 
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In dogs anesthetized with sodium pentobarbital (35 mgm./kgm. intraperi- 
toneally) the blood pressure, as measured with a mercury manometer connected 
to a cannulated carotid artery, decreased after the intravenous administration 
of 30 mgm./kgm. of DAS. Five minutes after the injection of DAS the blood 
pressure began to decrease and by 35 minutes it had fallen to the extent of 45 
mm. of mercury with no further decrease until death of the animals occurred. 
About 0.5 hour after DAS was administered the depth of respiration decreased, 
and the rate increased from 19 to 24/minute. The depth of respiration then 
increased and remained above normal for about 3 hours while the rate remained 
around 22/minute for 2 hours then gradually decreased. At 3 hours after DAS 
was administered the respiration became shallow and irregular and ceased in 
about 15 minutes at which time artificial respiration was begun. With con- 
tinuous artificial respiration the blood pressure gradually dropped and the heart 
ceased beating about 20 minutes after the cessation of respiration. 


TABLE 1 

Toxicity of DAS and N ,N-Dimcthyl-p-phenylcnediaminc given inlraperiloncally to 

mammals 


SPECIES 

■ 

| DAS 

N,N-DisiETim.»p- 

PHENYLENEDIAMINE 

No, of animals 
used 


No. of animats 
used 

LDw 

Rats 

74 

mgm./kgm. 

16 

47 . I 

mgm./kgm. 

21 

Alice 

70 

70 

so 

25 

Guinea pigs 

36 

30 

32 

45 

Rabbits 

12 

10-20 

s 

100 

Dogs 

5 

5-10 

4 

10-20 


The symptoms which followed acute poisoning by N ,N-dimetliyl-p-phenylene- 
diamine differed markedly from those produced bj r DAS. Within 10 to 30 min- 
utes after the intraperitoneal administration of the compound animals developed 
tonic and clonic convulsions. Preceding the convulsions there existed a state 
of hyperexcitability which was soon followed by a series of convulsive seizures 
which terminated with death in about one hour after administration of the com- 
pound. 

Pathological findings in rats after acute poisoning by DAS. As early as 15 
to 30 minutes after the intraperitoneal administration of lethal doses of DAS 
to rats the yellow color of the compound was seen in the skin of the animals 
and was especially visible in the ears. The color was also observed in the urine 
as soon as 5 to 10 minutes after poisoning. 

The gross pathological findings in rats acutely poisoned by DAS were not 
pronounced. Ordinarily the liver showed evidence of hyperemia of varying 
degrees of severity and pulmonary congestion was occasionally observed but 
pleural effusion was rarely noted. The kidneys of animals surviving for more 
than two days before succumbing to the poison were pale and swollen. 
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Microscopically the main pathological finding in rats 5 hours after the ad- 
ministration of 30 mgm./kgm. of DAS was a degeneration of the kidney tubules. 
Acute passive hyperemia of the liver was another consistent finding and oc- 
casionally a mild hyperemia could be detected in the mucosa of the gastro- 
intestinal tract. 

Acceptability of DAS to rats. To ascertain whether DAS was acceptable 
when offered to rats in the diet, feeding experiments were conducted. Diets 
containing 0.25 per cent, 0.5 per cent, and 1.0 per cent DAS were prepared by 
mixing the rodenticide with finely ground Purina Laboratory Chow. The diets 
were offered to unstarved rats overnight in place of their ordinary Purina Chow 
diet. For the five animals receiving 1 per cent DAS the average food consump- 
tion during the 12-hour period was 1.7 grams of food/kgm. and 4 of the 5 animals 
succumbed. When 0.5 per cent DAS was offered to 5 rats overnight the average 
food consumption was 4.9 grams/200-gram rat and all of the five animals died, 
and when 0.25 per cent DAS was offered the average food consumption was 4.9 
grams/200-gram rat and three of the five animals died. These experiments 
indicated that DAS was effective and acceptable to rats when placed in the 
diet. 

Because of the chemical similarity between DAS and the carcinogenic azo 
dyes, rats were fed ground Purina Laboratory Chow containing 0.10 per cent DAS 
to observe whether hepatomas would result. In animals which survived the 
feeding period hepatomas resembling those produced by dimethylaminoazo- 
benzene appeared in approximately 12 months after the animals were placed 
on the diet. It is possible that the carcinogenic action might have become 
evident in a shorter period if synthetic diets optimum for carcinogenesis by azo 
dyes had been used. 

To observe whether rats develop tolerance toward DAS after the admini- 
stration of sublethal doses of the rodenticide five rats were given 10 mgm./ 
kgm. of DAS intraperitoneally followed by a second injection of 20 mgm./kgm. 
three days later. All of the animals were dead within five hours after the 
second injection. Since the LD 6 o of DAS to rats is around 15 mgm./kgm. the 
inability of the animals to withstand a second dose of 20 mgm./kgm. indicated 
that little tolerance could have resulted from the first dose of the rodenticide. 

The effects of DAS on blood glucose. In order to observe whether DAS in- 
terfered with carbohydrate metabolism blood glucose measurements were made 
on rats acutely poisoned by the rodenticide. The terminal convulsions pro- 
duced by lethal doses of DAS suggested the possibility of a disturbance in 
carbohydrate metabolism. Blood glucose measurements were made before and 
at various intervals after the administration of the rodenticide. Hats, mice, 
guinea pigs and rabbits were employed to ascertain whether any species dif- 
ference in the effects of DAS on carbohydrate metabolism could be observed. 

The results of these measurements are shown in table 2 in which each value 
represents the average for at least four animals unless otherwise indicated by 
the number in parenthesis. It may be seen from these data that DAS caused 
hyperglycemia in all of the species studied with the degree of hyperglycemia 
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depending upon the dose of the drug and the species susceptibility to the toxic 
agent. Hats showed a relatively mild degree of hyperglycemia after the ad- 
ministration of 15 mgm./kgm. of DAS (LDso) whereas twice the LD S0 dose 
produced a marked hyperglycemia (172 mgm. per cent) within three hours after 
poisoning. Seven hours after poisoning the blood glucose fell to hypoglycemic 
levels and at the time of death it reached a very low level coinciding with the 
appearance of the terminal convulsions. The administration of 60 mgm./kgm. 
of DAS to rats caused a very rapid onset of hyperglycemia with a precipitious fall 
to hypoglycemic levels. Mice and guinea pigs showed similar changes but re- 
quired a higher dose of the rodenticide to produce these changes, which corre- 
sponds to their greater resistance toward DAS. Rabbits, however, were quite 
resistant to the blood glucose changes produced by DAS and required approxi- 


TABLE 2 

Effect of DAS on the blood glucose of rals, mice, guinea pigs and rabbits 




BLOOD GLUCOSE, MGM. PER CENT 

SPECTES 

DOSE OF 

DAS 

Hours after poisoning 



Normal 

1 

3 

5 

1 

10 

At death 


mgm./ 

kgm. 





mm 



Rats 

15 

104 

113 

Ifm 

102 

■ill 




30 

94 

131 

Wm'z 

80 



25 


60 

99 

205 

mm 

45 (1) 

'UK 



Mice 

30 

117 



99 





80 

114 



1 



12 

Guinea pigs 

30 


106 

100 

mm 

. 




60 

fm 

132 

225 

tM 


no 


Rabbits 

30 

90 (2) 

91 (2) 

97 (2) 

97 (2) 


86 (1) 



60 

82 (1) 

227 (1) 

dead 






mately four times the LD50 dose before hyperglycemia developed. Thus, DAS 
produced hyperglycemia in rats, rabbits, mice and rats with the extent and 
time of onset being dependent upon the dose of the drug and the species suscep- 
tibility to the rodenticide. 

We were interested in comparing the effects of N, N-dimethyl-p-phenylene- 
diamine on blood glucose with those produced by DAS . F or these tests rats were 
poisoned with 25 mgm./kgm. of the diamine and blood samples were taken before 
the administration of the poison, at the onset of convulsions, and immediately 
preceding death. The average normal blood glucose level was found to be 89 
mgm. per cent. At the beginning of convulsions, in from 5 to 12 minutes after 
poisoning, the average value was 100 mgm. per cent and just preceding death, 
in from 35 to 44 minutes after poisoning, it had risen to 125 mgm. per cent. 
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These results demonstrated that the diamme produced a slight increase in blood 
sugar but much less than that observed m DAS-poisoned animals 

Glycogen content of tissues f rom DA S poisoned animals The terminal hypogly- 
cemia which was observed m DAS-poisoned animals suggested that the glycogen 
stores might be depleted This was tested by measuring the liver glycogen of 
normal and DAS-poisoned animals which had been fasted for comparable periods 
of time The results of glycogen measurements on rats, mice, and guinea pigs 
poisoned by DAS are shown m table 3 m which each value represents the average 
amount of glycogen for at least four animals 

These data show that acute poisoning by DAS results in a marked decrease m 
liver glycogen m the three species employed and that the degree of depletion 
depended upon the dose of the drug administered to a given species There 
was also a correlation between the species susceptibility to DAS and the dose 
required to cause a fall in liver glycogen as evidenced by the observation that 
30 mgm /kgm of DAS nearly depleted the liver glycogen of rats while the same 

TABLE 3 


The effect of DAS on liver glycogen of rats , mice and guinea pigs 


SPECIES 

DAS 


PE* CENT CLYCOCEV 



Normal 

5 Hours after poisoning 

Hats 

mgm /kgm 

15 

5 

4 56 

3 12 


30 

5 

2 14 

0 114 

Mice 

30 

5 

0 79 

0 74 


80 

5 

0 36 

0 034 

Guinea pigs 

30 

20 ! 

0 296 

0 143 


60 

20 

0 296 

0 132 


dose had no significant effect on the liver glycogen of mice Muscle gly cogen 
of rats also decreased after DAS, a dose of 30 mgm /kgm of DAS reduced the 
skeletal muscle glycogen of rats to one half of the normal i alue These studies 
on glycogen are in accord with the observations made on the blood glucose in 
which the response depended upon the dose of DAS and the species susceptibility 
to the rodenticide They also give support to the possibility that the hypogly- 
cemia is a result of the depletion of Ii\ er glycogen 
Antagonistic action of insulin and adrcnal-demedullation toward the hyper- 
glycemic action of DAS To ascertam whether epinephrine was involved in 
the hyperglycemia and the depletion of liver glycogen by DAS, blood glucose 
and liver glycogen measurements were made on rats from which the adrenal 
medulla had been removed eleven days prior to use for the experiment Similar 
measurements were also made on DAS poisoned and normal rats treated with 
msulin Two units of msulin/kgm were injected subcutaneously one hour 
before the administration of DAS and a second injection was given three hours 
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rat/hour. These values indicate an increase in glucose and/or reducing sub- 
stances in the urine after DAS poisoning but do not seem great enough to sub- 
stantiate a marked decrease in tubular reabsorption of glucose during the sam- 
pling period. 

Discussion. The present investigation has included a number of experi- 
ments designed to obtain information which would permit an evaluation of the 
rodenticidal action of p-dimethylaminobenzenediazo sodium sulfonate (DAS). 
Toxicity tests have shown that the LD M for DAS given intraperitoneally lies 
between 10 and 30 mgm./kgm. for albino rats, guinea pigs, rabbits and dogs. 
Thus, there was a relatively small variation in the susceptibility of these species 
to the rodenticide. On the other hand, mice were found to be considerably 
more resistant toward the compound. The oral LD M for albino rats was about 
55 mgm./kgm. and it is, therefore, several times less toxic than sodium fluoroace- 
tate (7) and alpha-naphthylthiourea (8) . A marked difference in species suscep- 
tibility to DAS and N,N-dimethyl-p-phenylenediamine was observed which 
suggests that the compounds act differently and that the toxic action of DAS is 
not due to a diamine degradation product formed by cleavage at theazo linkage. 

No significant age or sex difference in the susceptibility of rats to DAS was 
noted and the administration of a sublethal dose did not result in the acquisition 
of tolerance. The compound was acceptable to rats when offered at a concentra- 
tion of 1 per cent or less in the diet. The main disadvantages attending the 
use of DAS as a rodenticide are its lower toxicity as compared with other new 
rodenticides and the absence of an effective antidote. Nevertheless, the sub- 
stance may find practical use where the extremely high toxicity of fluoroacetate 
to many species (7) or the tolerance toward ANTU (8) limit the usefulness of 
these substances. 

Because of the carcinogenic action of DAS the compound may be of value 
in future studies on the mechanism of carcinogenesis by azo dyes. Although 
it is a less potent carcinogen than several other azo dyes it presents an advantage 
in that it differs from the other carcinogenic azo dyes in being readily soluble 
in water and thus can be employed conveniently for in vitro experiments. 

Studies on the blood glucose and tissue glycogen of DAS-poisoned animals 
have shown that this rodenticide produces a marked disturbance in carbohydrate 
metabolism. The hyperglycemia appeared to be induced by epinephrine since 
it could be prevented by adrenal-demedullation and insulin but these treatments 
did not affect the survival of DAS-poisoned animals. The terminal convulsions 
were due to hypoglycemia since they could be prevented or stopped by the 
administration of glucose. The hypoglycemia was undoubtedly the result of 
the depletion of tissue glycogen in animals poisoned by DAS, and the glycogen 
depletion seemed to be due principally to an inability of the tissues of DAS- 
poisoned rats to deposit glycogen. These results strongly suggest that DAS 
inhibits one or more of the enzymatic reactions involved in intermediary car- 
bohydrate metabolism and future studies on the effects of DAS on enzyme 
systems may provide an explanation for the acute toxic action of the rodenticide. 
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SUMMARY 

1 Measurement of the toxicity of p dimethylaminobenzenediazo sodium sulfo- 
nate (DAS) administered mtraperitoneally gave the follow mg approximate 
LDso values m mgm Ag m albino rats 15, albino mice 70, guinea pigs 30, 
rabbits 10-20, and dogs 5-10 The oral LD M for albino rats was about 55 
mgm Agm 

2 No tolerance to DAS was obser\ ed in rats and the rodenticide was accept- 
able and produced high mortality of rats when placed in the diet at concentra- 
tions of 0 5 per cent and 1 0 per cent 

3 Toxicity measurements on N,N dimethyl p phenylenediamme given in- 
trapentoneally ga\e the following LD o values m mgm /kgm albino rats 21, 
mice 25, guinea pigs 45, rabbits 100, and dogs 10-20 The differences m species 
susceptibility to this compound and DAS suggest that the latter substance 
does not undergo cleavage at the azo linkage before exertmg its toxic effect 

4 DAS caused a generalized depression in all species, degeneration of the 
kidney tubules, hyperemia of the intestine and liver, a fall in blood pressure 
and respnatory paralysis 

5 Hyperglycemia followed by hypoglycemia occurred in animals poisoned by 
DAS The extent of these changes was dependent upon the dose of DAS and 
the species susceptibility to the agent The hyperglycemia could be prevented 
by msulm or by adrenal demedullation but survnal of the animals was not 
influenced by these treatments The hypoglycemic convulsions could be ter- 
minated or prevented by glucose w hich prolonged the survival time but did not 
pi event ultimate death of the animals 

6 A depletion of liver and muscle glycogen of rats was observed after ad- 
ministration of DAS and the animals were unable to deposit liver glycogen 
from injected glucose, this mdicated that DAS exerts an inhibitory action on 
glycogen synthesis 
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Evidence that acute poisoning by p-dimethylaminobenzenediazo sodium sul- 
fonate (DAS) results in a disturbance of carbohydrate metabolism was ob- 
tained during an investigation of the toxicity and pharmacological action of 
this German rodenticide. This evidence, which is presented in the preceding 
communication, consisted of the observation that hyperglycemia followed by 
hypoglycemia and depletion of liver glycogen occurred after acute poisoning 
by DAS. The inability of fasted DAS-poisoned rats to deposit liver glycogen 
from injected glucose indicated that the toxic agent exerted an inhibitory ac- 
tion on glycogen synthesis. These findings stimulated our interest in inves- 
tigating the action of DAS on the enzymatic reactions involved in intermediary 
carbohydrate metabolism in an effort to elucidate the mechanism of the acute 
toxic action of this azo compound in mammals. 

The present communication contains the results of tests on the effect of 
DAS on several enzymatic reactions. In this study attempts were made to 
correlate in vitro findings with in vivo results in which the enzymatic reactions 
of tissues from DAS-poisoned animals were studied. Such attempted correla- 
tions are of considerable importance in explaining drug action on the basis of 
inhibition of enzymatic reactions. The results obtained in this study have 
demonstrated that DAS inhibits the oxygen consumption of liver slices and 
exerts a potent inhibitory action on the aerobic synthesis of high-energy phos- 
phate compounds in vitro and in vivo. The inhibitory action of DAS on aerobic 
phosphorylation was dependent upon the dose of the rodenticide and upon the 
species susceptibility to the toxic compound. 

Methods. Sprague-Dawley rats (ca. 200 grams), Carwortb mice (ca. 20 grams) and 
adult guinea pigs (ca. 600 grams) were employed for these studies. DAS was synthesized 
according to the procedure of Stolid (1) and aqueous solutions of the compound were ad- 
ministered by the intraperitoneal route. 

Anaerobic glycolysis of brain tissue was measured according to the method of Elliott 
and Henry (2) and the oxidation of glucose by brain homogenates was measured by the pro- 
cedure of Elliott cl al. (3) . The oxidation of several substrates by liver slices was measured 
using rat liver slices prepared according to the method of Deutsch (4). The liver slices 
were obtained from normal rats fasted for 16 hours prior to being sacrificed. Succinic de- 

1 The work described in this paper was done under contract between the Medical Di- 
vision, Chemical Corps, U. S. Army and the University of Chicago Toxicity Laboratory. 
Under the terms of the contract the Chemical Corps neither restricts nor is responsible for 
the opinions or conclusions of the authors. 
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hydrogenase and cytochrome oxidase activities were determined by the method of Schneider 
and Potter (5), malic dehydrogenase by the method of Potter (6) and adenosine triphos- 
phatase by the procedure of DuBois and Potter (7). 

The extraction, fractionation and measurement of the acid-soluble phosphorus com- 
pounds of rat tissues were carried out according to the procedure outlined by LePage and 
Umbrcit (8). For these measurements the tissues were rapidly removed during sodium 
pentobarbital anesthesia (45 mgm./kgm.), and quickly frozen between two bloclzs of dry 
ice. 

The effect of DAS on oxidative phosphorylation was ascertained by the method of Potter 
(9) using 0.3 cc. of a 10 per cent isotonic potassium chloride homogenate as the source of the 
enzymes, 26 ragm. of anhydrous creatine as the phosphate acceptor and succinate as the 
oxidizable substrate. 

Experimental. The action of DAS on the succinoxidasc system. The pos- 
sibility that DAS might be metabolized in vivo to yield p-phenylenediamine 
or a methyl derivative of p-phenylenediamine, which compounds are known to be 
strong inhibitors of succinic dehydrogenase (10), stimulated our interest in 
investigating the effect of DAS on succinic dehydrogenase. In vitro and in 
vivo measurements of succinic dehydrogenase activity were, therefore, carried 
out on rat liver, kidney, lung and brain tissues. Various concentrations of 
DAS were tested by adding all of the components of the reaction mixture to- 
gether with the inhibitor to the main compartment of the Warburg vessel and 
incubating for 20 minutes before the addition of the succinate from the side 
arm. 

The effect of DAS on the succinoxidase activity of rat liver is shown in figure 
1 from which it may be seen that DAS had an inhibitory action on this enzyme 
system in vitro but in all cases there was a lag period of about 20 minutes after 
the addition of the succinate before the inhibitory action of DAS became ap- 
parent. This was interpreted as indicating that some chemical change in the 
toxic agent took place to yield a product Avhich inhibited the enzyme. It- was 
noticed that the inhibition occurred after most of the yellow color due to DAS 
had disappeared from the reaction mixture wliich further suggested that a 
change in the DAS molecule occurred. As shown by Curves B and C of figure 
1 final concentrations of G.6 X 10 -5 il/ and 1 X 10 -4 Af DAS respectively produced 
marked inhibition of enzyme activity when the inhibitor was incubated with 
the enzyme for 20 minutes before the addition of the substrate. Placing the 
inhibitor in the side-arm of the Warburg vessel with the succinate and adding 
both simultaneously decreased the amount of inhibition (Curve D, figure 1) 
as compared with the addition of the substrate after the inhibitor. This in- 
dicated a competition between succinate and the rodenticide for the enzyme. 
In contrast to the in vitro results no decrease in the succinoxidase activity of 
liver was observed when the livers were removed 5 hours after the administration 
of 30 mgm./kgm. of DAS. 

DAS also produced an inhibition of the succinic dehydrogenase activity of 
kidney tissue in vitro after a preliminary lag period similar to that observed with 
liver. A final concentration of 1 X 10 -4 M DAS produced 2 per cent inhibition 
at 30 minutes, 24 per cent inhibition at 70 minutes and 67 per cent inhibition at 
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110 minutes after the addition of the succinate. As in the ease of liver, how- 
ever, no significant inhibition of the succinoxidase activity of kidney was ob- 
served 5 hours after the administration of 30 mgm./kgm. of DAS. A final 
concentration of 1 X 10~ 4 M DAS produced no significant inhibition of the 
succinic dehydrogenase activity of brain and lung tissue in vitro nor was there 
any decrease in the activity of the enzyme in these tissues 5 hours after the 
administration of 30 mgm./kgm. of DAS. From these experiments it appeared 
that liver and kidney tissues are able to produce some change in DAS which 
results in the production of a succinic dehydrogenase inhibitor. In view of the 
inhibitory action of several phenylenediamines on succinic dehydrogenase which 
was observed by Potter and DuBois (10) it seems possible that the inhibitory 



Fig. 1. The Effect of DAS on the Succinic Dehydrogenase Activity of Rat Liver 
Curve A, normal control - , Curve B, 6.6 X 10 -s M DAS added to the enzyme 20 minutes 
before the addition of the succinate; Curve C, 1 X 10~ 4 ill DAS added to the enzyme 20 
minutes before the addition of the succinate; Curve D, 1 X 10 -4 M DAS added to the en- 
zyme together with the succinate. 

action of DAS on this enzyme system was due to cleavage of DAS at the azo 
linkage to form a toxic diamine. The lack of an inhibitory action of DAS 
on succinic dehydrogenase activity in vivo suggested that some other enzyme 
was more sensitive toward the inhibitor or that the enzyme-inhibitor complex 
was dissociated during homogenization and dilution of the tissue. 

Because of the possibility that N,N-dimethyl-p-phenylenediamine might 
occur as a breakdown product of DAS the effect of this compound on the succinic 
dehydrogenase activity of rat liver was tested. Four rats were given 25 mgm./ 
kgm. of the diamine intraperitoneally and sacrificed during convulsions which 
occurred one-half to three-fourths of an hour after poisoning. Whereas the 
QOa for the succinic dehydrogenase activity of normal livers was 82 that for 
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the livers of poisoned animals was 79. This compound had previously been 
shown (10) to produce 77 per cent inhibition of succinic dehydrogenase at a final 
concentration of 1 X 10~ 5 M in vitro. DAS and N , N-dimethyl-p-phenylene- 
diamine therefore act similarly on succinic dehydrogenase inhibiting the action 
of the enzyme in vitro but not in vivo. 

Since the suecinoxidase system (5) employed for these experiments requires 
the catalytic action of succinic dehydrogenase, cytochrome c, and cytochrome 
oxidase it was necessary to investigate the action of the toxic substance on the 
latter two catalysts before attributing its inhibitory effect solely to an interaction 
with succinic dehydrogenase. It was found that a final concentration of 2 X 
1CM M DAS had no effect on cytochrome oxidase activity of rat liver while the 
same concentration had produced complete inhibition of the succinoxidase 
system. Variation in the cytochrome c content of the succinoxidase system 
did not alter the per cent inhibition by DAS; therefore, DAS was not reacting 
■with tliis component of the system and its inhibitory effect could be attributed 
to an action on succinic dehydrogenase. 

The absence of an inhibitory effect by DAS on the malic dehydrogenase system. 
To test the effect of DAS on a coenzyme I-linked dehydrogenase the malic 
dehydrogenase system was employed. Whereas the normal QO 2 value for malic 
dehydrogenase of liver was 54 the addition of DAS at final molar concentrations 
of 1 X 10~ 3 and 1 X 10~ 4 resulted in QO 2 values of 48 and 53, respectively. 
DAS, therefore, produced no significant inhibition of malic dehydrogenase in 
vitro. 

Using the malic dehydrogenase test system with fumarate in place of malate 
as the substrate it was possible to obtain an indication of whether DAS inhibits 
fumarase activity. The use of fumarate in place of malate as the substrate 
requires the catalytic action of fumarase to convert fumarate to malate which 
is then oxidized by the malic dehydrogenase system. The absence of an inhibi- 
tory effect by DAS at 1 X 10 -3 M final concentration indicated that the roden- 
ticide did not inhibit the activity of fumarase. 

The influence of DAS on anaerobic glycolysis and the oxidation of glucose by brain 
and liver. In initiating studies on the effect of DAS on glycolysis and respiration 
isotonic brain homogenates and liver slices were employed. An inhibitory ac- 
tion by DAS on the overall processes of either glycolysis or respiration could 
then be followed by an examination of the action of the toxic compound on 
individual enzymatic reactions in an attempt to locate the specific site of action. 

DAS exerted no effect on the rate of anaerobic glycolysis of rat brain homo- 
genates and liver slices. In the case of brain the normal CO 2 /N 2 was 8.2 and 
in the presence of final concentrations of 1 X 10~ 2 M and 1 X 10 ~ 3 M DAS the 
values were 8.0 and 7.5, respectively. Similarly, DAS had no effect on the rate 
of anaerobic glycolysis of liver slices. Whereas the normal QC0 2 /N 2 value 
was 0.3 for rat liver slices the presence of a final concentration of 1 X 10~ 4 M 
DAS resulted in a value of 6.1. These experiments indicated that DAS in the 
concentrations employed had no significant effect on anaerobic glycolysis which 
seemed to eliminate inhibition of glycolytic enzymes from further consideration 
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in the search for the cause of the disturbance in carbohydrate metabolism pro- 
duced by DAS. 

The oxidation of glucose by rat brain homogenates was inhibited in vitro 
by DAS. Final concentrations of l X 10~ 3 M, l X 10~ 4 M and 1 X 10- 5 M 
DAS produced 89, 63 and 40 per cent inhibition, respectively, of the oxidation 
of glucose. However, no depression of the rate of oxidation of glucose by 
brain tissue of rats given 30 mgm./kgm. of DAS could be detected when the 
animals were sacrificed 5 hours after administration of the compound. 

DAS also inhibited the oxygen consumption of liver slices suspended in 
Krebs-Ringer phosphate solution (11) buffered at pH 7.4 and containing 0.02 
M glucose. The presence of a final concentration of 1 X 10~ 4 M DAS depressed 
the QO 2 from a normal value of 7.0 to 3.8. An inhibitory action by DAS on the 
cellular respiration of liver slices in vivo also occurred. Livers removed from 
rats 5 hours after the administration of 30 mgm./kgm. of DAS gave an average 
QOj value 5.6 representing a 21 per cent decrease in oxygen consumption. The 
inhibitory action of DAS on cellular respiration suggested that further experi- 
ments should be directed toward studying the action of the rodenticide on the 
various steps of the oxidative phase of carbohydrate metabolism. 

The inhibitory action of DAS on the oxidation of 'pyruvate and citrate by rat liver 
slices. The lack of an inhibitory action by DAS on the oxidation of succinate, 
malate and fumarate indicated that the depressant action of the toxic compound 
occurred at some other step in the oxidative phase of carbohydrate metabolism. 
The effect of DAS on the respiration of liver slices was therefore tested employing 
several of the intermediates of the Krebs citric acid cycle as substrates. The 
substrates employed for these experiments were fumarate, malate, succinate, 
citrate, pyruvate and oxalacetate. L-glutamate was also included in these 
studies. 

The substrates were prepared as 0.3 M solutions with the exception of oxalace- 
tate which was prepared as a 0.15 M solution. Two-tenths cc. of the substrate 
was added to enough Krebs-Ringer phosphate medium to give a final volume 
of 3.0 cc. in the Warburg vessel. Where DAS was tested in vitro 0.3 cc. of a 
solution (1 X 10~ 3 M) replaced an equivalent amount of Krebs-Ringer phos- 
phate giving a final inhibitor concentration of 1 X 10 -4 M. 

For testing the effect of DAS on the oxidation of various substrates by liver 
slices one sample was included without the addition of a substrate to measure 
the endogenous respiration and another sample with an added substrate but 
without DAS was included to measure the stimulation of respiration due to 
the substrate. A third sample contained DAS and no added substrate to 
measure the effect of the compound on the endogenous respiration and another 
sample contained DAS and an added substrate to note the effect of DAS on the 
oxidation of the particular substrate tested. The results of these tests are shown 
in table 1 in which each value is the average of at least 3 determinations. 

As may be seen from the data in table 1 the stimulation of the respiration of 
liver slices produced by malate, succinate and oxalacetate was unaffected by the 
addition of DAS. However, the additional oxygen consumption due to fumar- 
ate, pyruvate and citrate was decreased by the presence of 1 X 10 -4 M DAS. 
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To ascertain whether the inhibition of the utilization of these o\idati\ e sub- 
strates also occurred in DAS poisoned animals in vivo tests were performed on 
the livers of rats poisoned 5 hours previously with 30 mgm /kgm of DAS 

TABLE 1 


Effect of DAS in vitro and in vtio on the oxidation of scieral substrates by rat liver 
slices 


SUBSTXATE 

Oo, 

Control 

l X ler* if DAS | 

In v>vo 5 hours after 
30 mgra /kgm DAS 

Fumarate 

93 

4 9 j 

8 1 

No fumarate 

7 0 

4 2 ! 

5 7 

Stimulation 

2 3 

0 7 

2 4 

Malate 

8 0 

4 9 

7 3 

No malate 

7 0 

3 9 

5 G 

Stimulation 

1 0 

1 0 

1 7 

Succinate 

15 9 


mmm 

No succinate 

7 1 


Kfl 

Stimulation 

S 8 


9 1 

Citrate 

10 5 

4 o ; 

7 8 

No citrate 

■ m 

3 3 

5 4 

Stimulation 


0 7 

2 4 

Pyruvate 



7 3 

No pyruvate 

mis 


5 6 

Stimulation 

3 3 

na 

1 7 

Oxalacetate 

9 2 

G 7 


No oxalacetate 

6 9 

4 2 


Stimulation 

2 3 

2 5 


1 Glutamate 

8 4 


7 7 

No 1 glutamate 

6 7 


5 5 

Stimulation 

1 7 


2 2 


The results of these tests are also shown in table 1 where it may be seen that 
the stimulation of respiration by malate, succinate, glutamate and fumarate 
was not decreased when the livers of poisoned rats were used m place of the 
livers of normal animals The additional oxygen consumption due to pyruvate 
and citrate, however, was depressed in the liver samples from poisoned animals 
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These findings are in agreement with results obtained on the isolated succin- 
oxidase and malic dehydrogenase systems in which DAS did not exert an inhibi- 
tory action in vivo. The present experiments indicate that the inhibitory 
action of DAS on the oxidative phase of carbohydrate metabolism might be 
explained on the basis of inhibition of the oxidation of citrate and pyruvate. 

The influence of DAS on the concentration of acid-soluble phosphorus compounds 
of rat liver and kidney. Although DAS had no direct inhibitory action on gly- 
colysis the depression of the cellular respiration by the compound might lead to 
changes in the concentration of some of the phosphorylated intermediates of 
glycolysis. The dependence of the synthesis of high-energy phosphate bonds 
upon oxidative reactions made the possibility’ - of depletion of such compounds by 
DAS seem probable. The concentrations of acid-soluble phosphorus compounds 

TABLE 2 


The distribution of acid-soluble phosphorus compounds in the liver and kidney of 
normal and DAS-poisoned rats 


compound 

LIVER 

KIDNEY 

Normal 

5 hours after 30 
mgm /kgm.DAS 

Normal 

S hours after 30 
mgm /kgm DAS 


(Micromoles per 100 grams of wet tissue) 

Phosphocreatine 

406 

0 

22 

0 

Adenosine triphosphate 

74 

96 

0 

0 

Adenosine diphosphate 

245 

207 

0 

0 

Adenylic acid . . 

83 

88 

143 

130 

Glucose-1 -phosphate . . 

136 

85 

163 

131 

Glucose-6-phosphate 

554 

675 

454 

575 

Fructose-G-phosphate 

19 

20 

25 

25 

Fructose-1 , 6-diphosphate 

67 

20 

30 

24 

Triose phosphate 

18 

30 

0 

0 

Phospliopyruvate . 

15 

37 

54 

73 

Coenzyraes . 

9 

9 

18 

17 

Inorganic phosphorus 

235 

806 

872 

885 

Total phosphorus 

2670 

2840 

3025 

2425 


in rat tissues were, therefore, measured after the administration of 30 mgm./kgm. 
of DAS given intraperitoneally. The liver was chosen for these studies because 
DAS had been shown to produce biochemical changes in this organ as evidenced 
by depletion of liver glycogen and inhibition of cellular respiration. Kidney 
tissue was also included in these measurements because of the evidence that a 
degeneration of the kidney tubules occurs in rats poisoned by DAS. Four 
normal unfasted male rats and 4 rats sacrificed 5 hours after poisoning were 
employed for the measurements. 

The results of these determinations are summarized in table 2 in which each 
value is the average for 4 rats. The data indicate that DAS produces changes 
in the distribution of the acid-soluble compounds of both liver and kidney of 
rats. The most pronounced change was a depletion of phosphocreatine of both 
liver and kidney tissue. The decrease in phosphocreatine partly accounts for 
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the increase in inorganic phosphorus m the tissues of poisoned animals There 
nas also a slight decrease m glucose-1 -phosphate and a small increase in glucose- 
C-phosphate as well as small increases in phosphopyru\ ate and triose phosphate 

In order to ascertain whether the phosphocreatine of tissues other than liver 
and kidney was depleted in DAS poisoned animals measurements Mere made 
on heart and skeletal muscle of rats taken 5 hours aftei the intiaperitoneal 
administration of 30 mgm Ag™ of DAS It nas found that DAS had no effect 
on the phosphocreatine level of these tissues in contrast to the effects on liver 
and kidney phosphocreatine 

The inhibitory effect of DAS on ozidatne phosphorylation by rat, mouse and 
guinea pig homogenates The depletion of phosphocreatine in liver and kidney 
tissue from DAS poisoned rats suggested the possibility that the toxic agent 
inhibited the esterification of phosphate Attention was drawn to this possi- 


TABLE 3 

The effect of DAS on ozidatne phosphorylation by rat , mouse and guinea pig kidney 
homogenates in ulro 


species 

MOLAR CONCENTRATION Of 

DAS 

E (MICRO GRAMS OF P 
ESTERITIED PER 30 
MCU WET TISSUE) 

CMU Ol CONSUMED 
PER 10 MINUTES 

% INHIBITION 

Rats 

Control 

136 

39 

_ 


1 x io-< 

53 

36 

61 


1 X 10 • 

75 

41 

45 


5 X 10 « 

83 

39 

39 


1 X 10-* 

137 

5S 

0 

Mice 

Control 

115 

36 

— 


1 X 10 4 

30 ; 

36 

74 

Guinea pigs 

Control 

148 

34 

— 


1 x io- 4 

104 

40 

30 


1 x io-» 

144 

44 

2 


bility not only by the depletion of phosphocreatine but also by the inhibitory 
action of DAS on cellular respiration The recent development of a method by 
Potter (9) for measuring coupled oxidation and phosphorylation has made it 
possible to obtain quantitative measurements of the effect of drugs in vitro and 
in vivo on this important synthetic reaction It was thus possible to ascertain 
the effect of DAS on phosphocreatine synthesis 
For our measurements 0 3 cc of a 10 per cent kidney homogenate prepared in 
isotonic KC1 was employed as the source of the enzymes, succinate as the oxidiz- 
able substrate and creatine as the phosphate acceptor In vitro measurements 
Mere carried out on kidney tissue of normal animals employing various concen- 
trations of DAS and m vivo measurements m ere performed on kidney tissue taken 
from poisoned animals The effects of various concentrations of DAS on aerobic 
phosphorylation in vitro are shown in table 3 in which E represents the micro- 
grams of inorganic phosphate estenfied by 30 mgm of wet tissue m 20 minutes 
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and 0 2 represents the cmm. of oxygen consumed by the tissue during the same 
period of time (9). 

The results of these tests demonstrated that DAS is a strong inhibitor of 
aerobic phosphorylation in vitro. At the low concentration of 5 X 10~° M 
39 per cent inhibition of transphosphorylation by rat kidney homogenates was 
observed without a significant effect on oxygen consumption. This indicated 
that the transphorylating enzyme was inhibited rather than the oxidation of 
succinate; thus the rodenticide essentially uncoupled phosphorylation and oxida- 
tion. The reaction was also inhibited when guinea pig and mouse kidneys were 
used as the source of the enzyme. However, in spite of the marked difference in 
the susceptibility of rats, mice and guinea pigs toward the acute toxic action of 

TABLE 4 


The effect of DAS on oxidative phosphorylation by rat, mouse and guinea pig kidney 

tissue in vivo 


SPECIES ' 

DOSE OF DAS 

HOURS AFTER AD- 

MINISTRATION DAS 

E (micrograms of 

P ESTERIFIED PER 

30 MGM. WET 
tissue) 

CMM. Oi CONSUMED 
PER 10 MINS. 

% INHIBITION 

Rats 

mgmjkzm. 

normal 


mm 

39 



15 

5 


37 

76 


30 

1 

71 

39 

48 


30 

5 

—75 ! 

34 

100 

Mice 


■■ 

UBS 

36 

— 



5 


40 

0 

j 


5 


43 

j 85 

Guinea pigs 1 

normal 

— 

148 

34 

, 


30 

5 

102 

31 

31 


GO 

5 

SO 

32 

46 


DAS there was no marked difference in the amount of DAS necessary to inhibit 
phosphorylation by the kidney tissue from the three species in vitro. 

To ascertain the effect of DAS on aerobic phosphorylation in vivo rats, mice 
and guinea pigs were given various doses of the compound and the kidneys 
were removed 5 hours later for aerobic phosphorylation measurements. The re- 
sults of these tests are shown in table 4 in which each value is the average for 
at least 4 animals. It may be seen from these data that DAS exerted a marked 
inhibitory action on phosphocreatine synthesis in vivo with the extent of inhibi- 
tion being dependent upon the dose of the compound administered. Further- 
more, there was a correlation between the species susceptibility to DAS and the 
dose required to inhibit the transphosphorylation system in vivo. The LDso 
values for rats, guinea pigs and mice are 15, 30, 70 mgm./kgm. of DAS, respec- 
tively'. While 30 mgm./kgm. of DAS produced complete inhibition of aerobic 
phosphorydation by' kidney tissue of rats, no inhibition of the reaction in the 
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kidneys of mice and only 31 per cent inhibition occurred in guinea pig kidneys 
after this dose of DAS. 

In all of the tests performed it was observed that the phosphorylation of 
creatine was inhibited without inhibition of the oxidation of succinate. This 
was not unexpected since experiments described above on succinic dehydrogenase 
demonstrated that the inhibition of this enzyme by DAS occurred only after 
a lag period of about 40 minutes from the time of addition of the inhibitor to the 
enzyme and since the phosphorylation experiments were performed in 20 minutes 
inhibition of succinic dehydrogenase would not be manifested during this period. 
These experiments indicate that DAS produces its inhibitory effect on some 
enzyme or enzymes directly involved in the transphosphorylation process. 

It has recently been reported by Loomis and Lipmann (11) that dinitrophenol 
reversibly uncouples phosphorylation from oxidation. It was of interest to ob- 
serve whether the inhibitory action of DAS on oxidative phosphorylation was 
also reversible. For these experiments a 20 per cent kidney homogenate was 

TABLE 5 


The reversibility of the inhibitory action of DAS on aerobic phosphorylation 


TBEATJtENT 

E (incxoGiAus or P 
ESTERITIED PE* 60 UCM 
WET TISSUE) 

CUM 0» CONSUMED PEE 
10 UIN5 

Unwashed enzyme preparation 



Control 

102 

39 

1 X 10-* At DAS added 

-7 

48 

Washed enzyme preparation 



Control 

76 

48 

1 X 10~ 4 M DAS added before washing 

78 

47 

1 X 10 -4 M DAS added after washing 

-18 

61 


prepared in isotonic potassium chloride and divided into 3 portions one of which 
served as the control and received no further treatment To a 3 cc. portion 
of the homogenate DAS was added to give a final concentration of 1 X 10“ 4 M 
and the mixture was allow ed to stand for 30 minutes after which time it was 
centrifuged at approximately 5000 rpm in a refrigerated centrifuge for 30 minutes. 
The supernatant liquid was then discarded and the precipitate was well mixed 
with 3 cc. of isotonic potassium chloride and again centrifuged After 3 such 
washings the precipitate was taken up in 3 cc. of potassium chloride solution 
and employed for measurements of oxidative phosphorylation. Another portion 
of the kidney homogenate without the addition of DAS was earned through the 
same procedure and served as a control to indicate the amount of loss of the 
enzyme during the washing procedure. In no instance was the temperature of 
the homogenates allowed to exceed 5°C. The phosphorylative activities of the 
samples are shown in table 5 in which it may be seen that the inhibitory action 
of DAS was reversible under the conditions of this experiment. While the wash- 
ing procedure resulted in 2G per cent loss of phosphorylative activity of the 
homogenate the addition of DAS before washing the enzyme resulted in no 
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further loss of activity. This demonstrated that the inhibitor could be removed 
by washing the enzyme. That 1 X 10“ 4 M DAS would have resulted in com- 
plete inhibition of phosphorylation by this enzyme preparation if it were not 
removed by washing was adequately demonstrated by complete inhibition of the 
reaction after addition of DAS to the washed and the untreated kidney 
homogenate. 

Discussion. An investigation of the effects of p-dimethylaminobenzenediazo 
sodium sulfonate (DAS) on intermediary carbohydrate metabolism has shown 
that the compound has no direct inhibitory action on glycolysis but does exert 
an inhibitory effect on the oxidative phase of carbohydrate metabolism. In 
attempts to ascertain the exact site of action of DAS on the oxidation of carbo- 
hydrate several in vitro and in vivo tests were performed. DAS inhibited succinic 
dehydrogenase in vitro but the inhibition occurred only after a lag period during 
which time it appeared that the compound had undergone a chemical change. 
It is likely that cleavage at the azo linkage occurred to yield a diamine which 
then inhibited succinic dehydrogenase. The absence of an inhibitory effect by 
DAS on succinic dehydrogenase in vivo and on the oxidation of succinate by liver 
slices indicated that this enzyme was not involved in the acute toxic action of 
this azo compound. Similarly cytochrome oxidase, malic dehydrogenase and 
fumarase were eliminated from further consideration in the mechanism of the 
toxic action of DAS. The observation that the oxidation of P 3 r ruvate and citrate 
by liver slices was inhibited by DAS in vitro and in vivo indicated that DAS 
inhibits one or more of the biocatalysts involved in the formation of alpha-keto- 
glutarate from pyruvate. The action of DAS on the oxidation of carbohydrate 
can be explained, at least partially, on the basis of inhibition of this portion of 
the dicarboxylic acid cycle. This inhibitory effect may also be partially re- 
sponsible for the inhibition of glycogen synthesis by DAS. 

We attached considerable significance to the depletion of phosphocreatine in 
some of the tissues of DAS-poisoned rats. Phosphocreatine is generally assumed 
to constitute a store of energy-rich phosphate which together with adenosine 
triphosphate functions in the transfer of chemical energy into energy available 
for the performance of tissue functions. Since DAS had no direct effect on 
glycolysis we reasoned that the depletion of phosphocreatine might result from 
an inhibition of the aerobic phosphorylation of creatine by DAS. It was found 
that DAS had a potent inhibitory effect on the aerobic synthesis of phospho- 
creatine. This effect, however, was not due to inhibition of oxygen consumption 
but rather to a direct action on the transphosphorylating mechanism since no 
depression of oxygen consumption occurred in the test system employed for 
phosphorylation. Thus, DAS, like dinitrophenol (12), uncoupled oxidation from 
phosphate esterification. 

In connection with the mechanism of acute poisoning by DAS greater sig- 
nificance is attached to the inhibition of phosphorylation than to any of the 
other effects produced by the compound on the enzymes studied. DAS inhib- 
ited aerobic phosphorylation both in vivo and in vitro and there was a corre- 
lation between the species susceptibility to acute poisoning by DAS and the dose 
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of the compound necessary to inhibit aerobic phosphorylation in vivo In vitro, 
however, the kidney tissue of rats, mice and guinea pigs were of similar suscep- 
tibility to the inhibitory action of DAS on aerobic phosphorylation These 
diffei cnees between the m niro and in nvo effects of DAS suggest that a differ 
ence m the rate of detoxification m the various species is responsible for the 
\ anation m susceptibility to the toxic agent rather than variations m the con- 
centrations of sensitive enzymes 

The strong inhibitor} action of DAS on phosphate esterification m vivo and 
in uiro gives support to the possibility that some of the acute toxic effects of 
this compound ma\ result from inhibition of this important biochemical reaction 
In support of such a possibility was the finding that the tissues which showed 
biochemical and pathological changes after DAS, namely the liver and kidney, 
are the same tissues in w hich DAS produced a depletion of phospho creatine 

smntARi 

1 In vitro studies demonstrated that dimethylaminobenzenediazo sodium 
sulfonate (DAS) inhibits the succinic dehydrogenase activity of rat liver and 
kidney after a preliminary incubation of the enzyme with the rodenticide How - 
ev er, no inhibition of the succinic dehydrogenase activity of the tissues of rats 
was obsened at 5 hours after the administration of 30 mgm /kg m of DAS 
No inhibitory effect by DAS was observed on cytochrome oxidase, malic de- 
hydrogenase and fumarase 

2 The oxidation of glucose by rat brain homogenates was inhibited m vitro 
by concentrations of DAS above 1 X 10 -8 M, however, no depression of glucose 
oxidation by brain tissue from DAS poisoned rats was observed The respi- 
ration of liver tissue w as inhibited in vitro and in vivo by DAS. The toxic agent 
had no effect on the rate of anaerobic glycolysis by rat liver slices and brain 
homogenates 

3 DAS had no effect on the oxidation of fumarate, succinate, malate and 
oxalacetate by liver shoes taken from rats 5 hours after the administration of 30 
mgm Apn of the toxic compound However, the stimulation of respiration of 
liver slices by pyruvate and citrate was depressed both in vitro and in vivo by 
DAS 

4 The phosphocreatine of rat livei and kidney tissue was depleted within 5 
hours after the administration of 30 mgm /kgm of DAS while the phospho- 
creatine of skeletal muscle and cardiac muscle was unaffected by this dose of the 
compound Other changes m the distribution of acid-soluble phosphorus com- 
pounds in the liver and kidney of DAS poisoned rats consisted of a slight de- 
crease in glucose l-pho&phate and a small increase m glucose-G-phosphate, phos- 
phopyruvate and tnose phosphate 

5 DAS exerted a marked inhibitory effect on the aerobic phosphorylation of 
creatine by rat, mouse and guinea pig kidney homogenates Aerobic phos- 
phorylation was also inhibited in the tissues of animals given lethal doses of DAS 
The inhibition in into was dependent upon the dose of the compound administered 
and varied with the species susceptibility to DAS 
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Bfofm Suer 

1875-1948 

It is with profound sorrow that we record the death on April 30, 1948 of Dr. 
John Auer from a cardiac attack, at St. Mary's Hospital, St. Louis, Missouri, 
which he had entered about a week previously for a phj r sical examination. Dr. 
Auer’s passing removes from the Society for Pharmacology and Experimental 
Therapeutics one of its active organizers and distinguished members who exerted 
a strong influence in the upbuilding of the Society and in the promotion and 
application of the science of American pharmacology. 

Dr. Auer was born in Rochester, New York, on March 30, 1875. His college 
preparation for his field was obtained at the Universities of Michigan and Johns 
Hopkins; he received his B.S. from the former in 1898 and his M.D. from the 
latter in 1902. After finishing his formal course in medicine, he served for a 
year as House Officer at the Johns Hopkins Hospital, following which he became 
a Fellow in the Rockefeller Institute for Medical Research, continuing there as 
Assistant, Associate, and Associate Member until 1921 . During the years 1906-7 
he w r as sent to the Harvard Medical School for special training in physiology, 
where he also served as Instructor in Physiology. In 1921 he accepted the 
Professorship of Pharmacology in the St. Louis University School of Medicine 
and was its Departmental Chairman until his death. From 1924 he* also served 
continuously as Pharmacologist to the St. Mary's Hospital, of St. Louis. During 
the first World War he joined the Reserve Corps of the Army, in which service 
he attained the rank of Major. 

Dr. Auer contributed much to both physiological and pharmacological sciences. 
Some of his studies at the Rockefeller Institute were done in conjunction with 
the late Samuel J. Meltzer. His scientific papers were of a varied nature and 
number about 150, among which were investigations on the heart, the kidney, 
the liver, the gall bladder, connective tissue, digestion, respiration, reflexes, 
functional disturbances caused by anaphylaxis, tetanus, Avar gases, and the 
physiological action of various drugs. During his war service he Avas the first 
to use magnesium sulfate intravenously as a relaxant in a case of tetanus. 

In addition to being an organizer of the Society for Pharmacology and Experi- 
mental Therapeutics, he was its secretary from 1912 to 1917 and its president 
from 1924 to 1927. He Avas also a member of the Association of American 
Physicians, Society for Experimental Biology and Medicine (being its vice 
president from 1917-18), the American Physiological Society, American Asso- 
ciation for the Advancement of Science, the Harvey Society, the St. Louis 
Academy of Sciences and the St. Louis Medical Society. A feAV weeks before 
his death he received honorary membership in the St. Louis Society of Anesthe- 
siologists “for his pioneering Avork in the field of anesthesiology” and because his 
“continued interest has pro\ T ed a source of stimulation to the younger members 
in this field and has contributed greatly to this branch of medical science.” 
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Dr. Auer was the embodiment of the true investigator whose imaginative 
insight, perseverance and powers of analysis and synthesis were of a remarkably 
high order, his devotion to truth uncompromising. These fine qualities he 
brought to his students, together with his unselfishness and a vast knowledge in 
related fields, thus developing a breadth of view and an intelligence that is 
essential for the scientific physician. As a tribute to his outstanding qualities 
as a teacher and as an evidence of the esteem of the Lambda Chapter of the Phi 
Beta Pi Medical Fraternity it presented, in 1944, to the St. Louis University 
School of Medicine, the “John Auer Lectureship” which enabled the school to 
bring to it distinguished scientists from various fields. 

It is difficult to describe briefly Dr. Auer "the man” because of his versatility. 
He was devoted to his family and friends, an enthusiastic gardener, an ardent 
reader of the classics, spending much time with the French, German, and Latin 
authors, a critic in literature, art, and music, and a painter whose Saturdays 
always included a sketching trip which ended with a visit to his old friends in 
frames on the walls of the Art Museum. In addition to his deep love for the 
truth, he possessed an intense sympathy for mankind, and an ardent desire to 
aid in the creation of a better world. His leadership and fellowship will be 
missed by men in all walks of life. 

Geohge B. Roth 



A COMPARISON OF THE EFFECTIVENESS OF DIHYDROERGOTA- 
MINE (DHE-45) AND DIHYDROERG OCORNINE (DHO-180) IN 
THE PREVENTION OF CARDIAC IRREGULARITIES 
DURING CYCLOPROPANE ANESTHESIA 1 

WILLARD D BENNETT, KARL GUSTAV DHUNER 1 , and O SIDNEA ORTH 
Departments of Anesthesiology and Pharmacology , University of 
Wisconsin Medical School, Madison, II iscons?n 

Received for publication November 3, 194S 

In a pharmacological evaluation of dihydroergotamme methanesulfonate 
(DHE-45) reported by Orth and Ritclue (1), it was found that 0 4 mgm of the 
drug per kgm completely inhibited cardiac irregularities produced by the injec- 
tion of a standard dose of epinephrine into dogs anesthetized v ith cyclopropane 
Similar protective activity with an equal dosage of dihjdioergocormne (DHO- 
180) was reported by Orth, Capps and Suckle (2) The purpose of the present 
study is a comparison of the relatn e effectiveness of these tv o drugs in the pre- 
vention of cyclopropane epinephrine induced arrhythmias and also a preliminary 
note regarding trials and comparisons of DHO-180 and DHE-45 to prevent spon- 
taneous cardiac irregularities arising clinically during cyclopropane anesthesia 

Methods Ten dogs and 4 raonkejs (1/acacus rhesus) were used in this comparative 
stud} The animals were anesthetized with c> clopropane and o\ygen mixtures and main- 
tained on approximately 30 per cent cyclopropane m o\j gen by an endotracheal to and fro 
absorption method After equilibrating the animals on this mixture for 20 to 30 minutes, 
epinephrine was administered by a standard technic (3) 

During the injection period electrocardiograms were recorded e\ ery 10 seconds In the 
second mmute tracings were made ever} 15 seconds and then records w ere made at intervals 
for a period of 5 minutes from the beginning of the epinephrine injection The duration of 
ventricular tachycardia thus could be established for any given animal The possibility 
of an adrenolytic action of c> clopropane (4) also was determined for each animal 

At subsequent periods with intervals of at least 3 dajs, the animals were anesthetized 
as above and given DHO or DHE, the drugs being administered separately to each animal 
on different days Doses of 0.2 mgm of the drugs per kgm were diluted to a total volume 
of 5 cc with normal saline and injected intravenously at the rate of 1 cc each 10 seconds 
Electrocardiograms were taken at appropriate intervals during these injections. After 
allowing 5 minutes to elapse following administration of the DH compound, the standard 
dosage of epinephrine previously found to be effective in eliciting ventricular tachycardia 
was given If 0 2 mgm /kgm of DH compound failed to protect against cardiac irregular! 
ties, some of the animals were given a subsequent 0 2 mgm /kgm within 10 minutes of the 
first dose for the purpose of more accurate comparison of the tw o drugs At 10 to 20 minute 
intervals after these injections, the standard dosage of epinephrine was repeated until 
cardiac irregularities again occurred or until 2 hours had elapsed after administration of 
the DH compound Thus the amount and duration of protection could be determined for 
comparison of the drugs 

* Supported m part by the Research Committee of the Graduate School from funds sup- 
plied by the Wisconsin Alumni Research Foundation and in part by a grant from Sandoz 
Pharmaceuticals, New York 

* Resident in Anesthesiology from Hclsingborg, Sweden 
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In the Macacus rhesus when spontaneous irregularities occurred and normal rhythm 
could not be restored by inflation of the lungs with oxygen and decrease in depth of anes- 
thesia, one of the DH compounds was injected intravenously. In all instances the irregu- 
larities occurring spontaneously were eliminated within 1 minute from the start of the in- 
jection. Thus it was possible to give epinephrine injections subsequently and determine 
the duration of protection. 

In the preliminary clinical use of DHE and DHO for the protection of cardiac irregulari- 
ties, 9 control and 23 test patients have been observed under a variety of operative condi- 
tions. The usual premedication of atropine or scopolamine alone or in combination with 
small doses of morphine sulfate was used. The three standard electrocardiographic trac- 
ings were taken, after which the DH compound was injected intravenously or intramuscu- 
larly. Initial dosage was 1 mgm. total amount. For succeeding patients this was increased 
to 5.5 mgm. of DHE or to 4 mgm. of DHO. Only 1 mgm. doses have been employed for 
intramuscular use. One to 3 minutes were used for the intravenous injections, during 
which time electrocardiographic records were taken. Two to 3 minutes following the in- 
jections, records were obtained again for the three standard leads. The induction of anes- 
thesia with a cyclopropane-oxygen mixture was started within 5 minutes after completion 
of DH compound injection. Maintenance of anesthesia was with cyclopropane and oxygen 
using the to-and-fro absorption technique either with or without tracheal intubation. 

The electrocardiographic beam, usually lead II, was observed continuously and tracings 
were made whenever cardiac irregularities were anticipated or seen. The usual graphic 
anesthesia record of pulse, blood pressure, respiratory rate and depth of anesthesia, along 
with other notations for correlation with the stage of the operation, was kept by the anes- 
thetist. 

Results. In tables 1 and 2 are summarized the laboratory data. It can be 
noted from them that DHO unquestionably is a better protective agent in the 4 
monkeys studied and that it appears to have some advantage over DHE in dogs. 
The adrenolytic effect of cyclopropane did not occur within the times noted in 
table 2 for duration of protection. 

The clinical results up to the present time are summarized in table 3. Not 
only were arrhythmias more varied and frequent subsequent to the use of DHE 
than after the use of DHO, but those which arose were of greater possible danger. 
Three of the patients given DHE developed periods of ventricular tachycardia 
and in two of these instances it occurred within 10 minutes of the administration 
of the drug. 

Oxygenation appeared to be good at the time tachycardia occurred and a rela- 
tive overdose of cyclopropane seemed to be the cause. One of the 13 patients 
given DHO showed one short burst of ventricular tachycardia which occurred 30 
minutes after the injection of 3 mgm. of the drug and at a time when there was 
cyanosis due to respiratory depression. 

Nausea in 2 patients and vomiting in 1 occurred during the intravenous injec- 
tion of DHO. Nausea or vomiting did not occur with the intravenous adminis- 
tration of up to 5.5 mgm. of DHE. The dosages were injected during a period of 
3 minutes. 

With the use of DHO there was a striking absence of the elevation of blood 
pressure that frequently occurs during the induction of cyclopropane anesthesia 
and there was a tendency for the systolic and diastolic pressure to become lower 
and remain lower than usual during the maintenance of anesthesia. This was 
not true in the patients treated with DHE. 
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Six of the 13 individuals given DHO exhibited periods of bradycardia with 
rates of under 50 per minute during cyclopropane anesthesia. None of the pa- 
tients given DHE had such a degree of bradycardia. 

Two of the individuals given DHO had a moderate bradycardia for 6 to 12 
hours post-operatively. Otherwise there were no unusual post-operative effects. 

Intestinal activity was of interest. Intraperitoneal operations were performed 
on 2 of the patients given DHO and observations were possible within 15 minutes 
of the start of the anesthetic. In both instances there was a marked contraction 

TABLE 1 


The protective action of Dihydroergotamine and Dihydroergocornine on cyclopropane - 
epinephrine tachycardia in dogs and monkeys 


! 

ANIMAL MO. 

EPINEPHRINE DOSE 

DOTATION OP VENTRICULAR TACHYCARDIA 

Control epinephrine I DHE-4S (0 2 mgrn / 1 DHO 180 (0 2 mgm / 
response | kgm ) and epinephrine | kgm ) and epinephrine 

Dogs 



mgm /kgm ! 

seconds 

seconds 

seconds 

1 

.005 

10 

0 

0 

2 

.01 

15 

0 

0 

3 

.01 

50 

0 J 

0 

4 

.01 

20 

0 

0 

5 

.01 

70 

0 I 

0 

6 

.02 

10 

Burst 

0 

7 

.01 

io ! 

0 

0 

8 

.01 

50 1 

40 

Burst 

9 

.01 

20 1 

20 ! 

0 

30 

.01 I 

ro | 

0 1 

Bursts 


Monkeys 


1 

.001 

20 

Bursts* 

Q* 

2 

.001 

20 

°* 

0* 

3 

.005 

40 

120 

Bursts 

4 

.005 

50 

40 

0 


* A dosage of 0.01 mgm./kgm. of epinephrine was used in these tests. 


of the gastro-intestinal tract. A cholecystectomy was done on one of the DHE 
treated patients. Only the gallbladder was adequately observed and it was 
found to be small and contracted. 

Discussion. The number of dogs studied in this series is not sufficient and the 
differences between the protective ability of the two drugs in a given animal are 
too small to be certain that one drug is better than the other. Admittedly there 
is some day-to-day variation in the response of the individual animal. On the 
other hand, because of the clear-cut difference in the amount and duration of pro- 
tection between DHO and DHE in the 4 monkeys, it seems fair to state that 
DHO is the better drug for this species. 

In the dog and monkey, DHO, as well as DHE, prevents cyclopropane-epi- 
nephrine induced cardiac irregularities without harmful side effects. These 




TABLE 2 


Effects of dihydroergocornine and dihydTOcrgolamine on cardiac irregularities produced 
deliberately in the dog and in the monkey 


ANIMAL 

NO. 

DH-compound 

PROTECTION TO CYCLO- 
PROPANE-EPINEPHRINE 
CARDIAC IRREGU- 
LARITIES* 

REMARKS 

Drug 

injected | 

Dosage 

Dosage of 
epinpehrine 

Duration of 
protection 

Monkeys 



<ngm./£gm. 

mgm.fktm. 

min. 


1 

DHE 

0.2 

0.01 

None 

Better protection with DHO 


DHO 

0.2 

0.01 

70 


2 

DHE 

0.2 

0.01 

51 

Better protection with DHO 


DHO 

0.2 

0.015 

94 


3 

DHE 

(0.2 + 0.2) 

0.005 

None 

Better protection with DHO 


DHO 

(0.2 + 0.2) 

0.005 

38 


4 

DHE 

0.2 

0.005 

None 

Better protection with DHO 


DHO j 

0.2 

0.005 

49 


Dogs 

1 

1 DHE 

0.2 

0,005 

5S 

Questionable advantage to DHO 


DHO 

0.2 

0.005 

75 


2 

DHE 

0.2 

0.01 

111 

Questionable advantage to DHO 


DHO 

0.2 

0.01 

120+ 


3 

DHE 

(0.2 + 0.2) 

0.01 

None 

No advantage to either drug 

i 

DHO 

(0.2 + 0.2) 

| 0,01 

None 


4 

DHE 

0.2 

0.01 

None 

No advantage to either drug 


DHO 

0.2 

0.01 

None 


S 

DHE 

0.2 

J 0.01 

122 

Approx, same protection with 


DHO 

0.2 

0.01 

124 

both drugs 

6 

DHE 

(0.2 + 0.2) 

t 0.02 

2S 

Better protection with DHO 

t 

DHO 

0.2 

0.02 

6S+ 


7 

DHE 

(0.2 + 0.2) 

0.01 

23 

Better protection with DHO 


DHO 

0.2 

0.01 

54 


8 

DHE 

(0.2 + 0.2) 

0.01 

None 

No advantage to either drug 


DHO 

(0.2 + 0.2) 

0.01 

None 


9 

DHE 

(0.2 + 0.2) 

0.01 

None 

No advantage to either drug 


DHO 

(0.2 + 0.2) 

0.01 

None 


10 

DHE 

0.2 

0.01 

60 

Better protection with DHE 


DHO 

0.2 

0.01 

None 



* Ventricular tachycardia, ventricular premature contractions, or bundle branch block. 
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drugs also will eliminate spontaneous irregularities which occur in monkeys 
during cyclopropane anesthesia. 

The clinical results up to the present time are far from being conclusive. Op- 
timum dosage, route of administration, duration of action, and side-effects of 
these drugs for use during cyclopropane anesthesia in man can only be determined 
after many more patients are studied. 

If the DH compounds do prove to be of value in the treatment or prevention 
of spontaneous cardiac irregularities arising during cyclopropane anesthesia, the 
results in these 23 clinical cases indicate that DHO would be the better drug 
to use. Kurtz, Bennett and Shapiro (5) made electrocardiographic observa- 
tions on 41 patients during anesthesia with cyclopropane. Four of these patients 

TABLE 3 


The effect in patients of the use of DHO-1SO and DHE-45 to prevent spontaneous cardiac 
irregularities as observed and recorded electrocardiographically during 
cyclopropane anesthesia 


NWUES 07 PATIENTS 

TOTAL DOSACE INJECTED 

CARDIAC miCUIAUTHS 
OCCURRED 

NO CARDIAC IRREGU- 
LARITIES OCCURRED 

DHO -ISO 


mtm. 



3 

1.0 

1 

2 

7 

2.0 

4 

3 

3 

4.0 

1 

2 

DHE-45 

2 

1.0 

1 

1 

3 

2.0 

o 

1 

1 

3.0 

1 

0 

1 

5.0 

1 

0 

3 

5.5 

2 

1 


developed ventricular tachycardia of relatively long duration. In the one in- 
stance that ventricular tachycardia occurred during the use of DHO in 13 pa- 
tients, its duration was only a matter of a few seconds. Thus, the definite 
impression has been gained that DHO affords some protection in man. 

Certain aspects of the sympathicolytic activity of DHE-45 and DHO-180 have 
been studied by Bluntschli and Goetz (6). They conclude that DHO is the first 
known ergot derivative to act in a purely sympathicolytic fashion in man and 
they suggest that its site of action is in the higher sympathetic centers, i.e., the 
medulla and/or the hypothalamus. In the study of the mechanism of cyclopro- 
pane sensitization (7), it was found that tachycardia does not appear after decere- 
bration, the production of lesions in the pons, or bilateral sympathectomy. 
These findings suggest that DHO might be a suitable drug to control spontaneous 
cardiac irregularities occurring in man during cyclopropane anesthesia. 

Up to the present time it appears unlikely that a standard dosage of DHO or 
DHE can be determined for clinical usage which will prevent cardiac irregulari- 
ties without producing disturbing side effects. A more reasonable aim would be 















292 


BENNETT, DHUNER, AND ORTH 


to determine a dose that would prevent the serious arrhythmias that occasionally 
occur in a well managed anesthetic. Whether the effects on blood pressure, pulse 
rate, and intestinal motility prove to be a hazard or an aid to clinical anesthesia 
is purely speculative at this time. 


CONCLUSIONS 

1. Dihydroergocomine (DHO-180) appears to be a more effective drug than 
dihydroergotamine (DHE-45) for the prevention of cyclopropane-epinephrine 
induced cardiac irregularities in dogs and monkeys. 

2. The compounds stop spontaneous cardiac arrhythmias occurring during 
cyclopropane anesthesia in the Macacus rhesus. 

3. Preliminary clinical trials in 23 patients are described. 

Acknowledgment for the help of Dr. Henry M. Suckle and Mr. Robert T. 
Capps in some of the experiments is gratefully extended. 
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Introduction In a recent review of the pharmacology of the antihistamimc 
drugs, Loew (I) stated, “It will be important to determine the extent to which 
the action of antihistamine drugs is referable to a direct effect upon capillaries 

” This statement leads to the present investigation in which it was decided 
that topical application of these drugs without pre- or post histamine medication 
might show the site of action of the antihistammic compounds insofar as the 
capillary bed itself was concerned 

Experimental The meso appendix of WiBtar strain rats was exteriorized and arranged 
for perfusion and microscopic observation according to the method of Chamb ers an( j 
Zweifach (2) The animals used weighed from 135-220 gm (average 150 =fc 10 gin ) The 
anesthetic, sodium pentobarbital 45 mgm Ag™ intrapentoneally, was given in a total 
volume of not more than 0 15 cc to reduce any untoward effects such as those des cn bed by 
Zweifach ct al (3) Further, ns required to maintain the same depth of anesth* aia addi 
tional anesthetic was given, usually not more than 0 05 cc of the pentobarbital solution 
Thesolutions of the drugs in Locke Ringer's were prepared prior to use and maintained a t 37 5° 
± 0 2°C until applied to the preparation The perfusion fluid, Locke Ringer’s Containing 
1 per cent gelatin, was allowed to drip on the membrane at a temperature of 37 5° ^ o 2°C 
maintained by an electrically heated and thermostatically controlled water bath of 12 1 
capacity All animals were standardized as to vasoconstrictor response of the capillary 
bed by the topicaf appfication of (J t cc of I 2 X IlFsofution of epinephrine and cfi re ct ob 
servation of the precapillary sphincters of a selected vessel Although all the vascular 
elements in the field were observed, all subsequent evaluations were made upon th ia vessel 
in a given animal and those which were not responsive were discarded The antihi^tamimcs 
and control drugs were made up in molar solutions so that better comparison of their vaso 
constrictor potency could be obtained The periods of observation after applying the drugs 
and washing to remove the drug were 5 and 10 minutes, respectively Epinephnq e| o 1 cc 
1 2 X 10 8 , was applied before and after each dilution of the drug to check not only the nor- 
mality of the membrane but also to determine accurately the tyqiG of response <>bser\ed 
Further, to be certain that the drugs were acting at the same Bite as histamine, this drug 
was topically applied to the membrane at a dose of 0 1 cc of a 0 0001 molar solution, this 
being the dose necessary to increase the rate of flow in the vascular bed without causing 
any deleterious effects in the animals In order to rule out the effect of acetyl choi ine> this 
drug was also tested, and it was necessary not only to wash the membrane but to apply 
Pavatnne 0 1 cc of 0 01 molar solution to obtain again a response to epinephrine Further, 
to be certain that the effect of the drug was not due to the solvent used, 0 1 cc of vyater was 
applied to the membrane after the study of the responses of each animal was completed 
Also, w hen the response observed was doubtful, it w ns checked by applying either djphenhy 
dramine or pyramsnmme 0 1 cc of a 0 01 molar solution A control group was al 80 tested 
with benzazoline because this drug, which contains the imidazole group, was known to be 
a potent vasodilator 

1 This paper is based on work performed under Contract No AT-04 1 GEN 12 Wl th the 

Atomic Energy Commission for the University of California at Los Angeles 
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Results. The effects observed with the various drugs tested are given in 
tables I to VI in which the drugs are classified as to chemical structure. Further, 
lateral histograms (see tables) are used to enable the potency to be rapidly esti- 
mated. In the dilutions which were effective, the degree of local vasoconstrictor 
activity of the drugs was equivalent to that produced by the similar local effects 


TABLE I 

Ethanolamine derivatives 


COMMON NAME 

CHEMICAL NAME 

MOLEC- 

ULAR 


MOEAR CONCENTRATION 

REMARKS 

WEIGHT 

BASE 

1 M 

0.1 M 

0.01 

M. 

0.001 

M 

0.0001 

M 

Benadryl 

Diphenhy- 

dramine 

/S-dimethylamino 
ethyl benzhy- 
dryl ether HC1 

255.35 

*5/5 

5/5 

5/5 

4/5 

1/6 

Precapillary 
sphincters com- 
pletely closed 
at 0.001 M 

Linadryl 

A-446 

/3 - morpholino - 
ethyl benzhy- 
dryl ether HC1 

297.33 

5/5 

5/5 

0/5 

0/5 

0/5 

Precapillary 
sphincters 
closed at 0.1 M 

Decnpryn 

Doxylnmine 

Benzyl - pyridyl- 
methyl - ethy- 
oxy-dimethyl - 
amine succin- 
ate 

270. 36 

5/5 

5/5 

1 

1/5 

0/5 

0/5 

Precapillary 
sphincters 
closed at 0.1 M 

SC 1694 

0-dimethyl amino 
ethyl benzhy- 
dryl ether salt 
of 8-chloro- . 
theophyllin 

255.35 

0/5 

| 

0/5 

0/5 

0/5 

0/5 

Vasodilator (See 
table VI) 

Prep. 204 

Benzhydryl-oxy- 
methyl imida- 
zoline HC1 

266.33 

5/5 

5/5 

5/5 

3/5 

! 0/5 

Precapillary 
sphincters 
closed at 0.001 
M 

Tastromin 

929F 

Tbymoxy- 

ethyldi- 

ethylamine 

2 - isopropyl - 5 
methyl phe- 
noxyethyl di- 
ethylamine 

HC1 

249.38 

5/5 

5/5 

5/5 

3/5 

0/5 

Precapillary 
sphincters 
closed at 0.001 
M. Capillary 
hemorrhage in 
one animal 


* The ratios signify the number of active vasoconstrictor responses over the number 
of animals used. 


of epinephrine. However, diphenhydramine, pyranisamine, phenindamine and 
phenergan caused a definite decrease in the blood flow throughout the entire field. 
This was observed as a blanching of the membrane, and indicates that these drugs 
at a dilution of 0.0001 M are more potent vasoconstrictors than epinephrine at 
1:2 X 10 6 . In general, the vasoconstrictor activity of these drugs agrees with 
both the experimental and clinical results thus far reported. 
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Discussion The vasodilatation produced by such drugs as SC 1898 and SC 
1742 is readily explained by their similarity to acetylcholine which also had a like 


TABLE II 
Thcnyl derivatives 


COMMON NAME 

CHEMICAL NAME 

MOLEC 

KOLAS CONCENTRATION 


SZUAiES 

WEICHT 

BASE 

1M 

0 1 M 

001 

M 

0 001 
M 

0 0001 
M ! 

Diatnn 

N dimethjl N' - 
phenyl N' - (2 
thienyl) meth- 
yl ethjlenedi- 
aimnc HC1 

| 260 39 

1*5/5 

i 

5/5 

1/5 

0/5 

0/5 

Precapillary 
sphincters com 
pletely closed 
at 0 1 M 

Tagathen 

Chlorothen 

citrate 

N dimethyl N' - 
pyndyl N' 5 
chlorothenyl 
etbylenedi - 1 
amine citrate | 

293 81 

5/5 

5/5 

2/5 

0/5 

0/5 

Precapillary 
sphincters 
closed at 0 01 
M Drug 

caused capil 
lary hemor- 

rhage in 3 am 
mals at 0 1 M 

Chlorothen 

2s dimethjl N' 
pyridj IN 5 
chlorothenyl 
ethjlenedia 
mine HC1 

293 81 

6/5 

4/5 

3/5 

0/5 

0/5 

Precapillary 
sphincters 
closed at 0 01 
M Drug 

caused capil 
lary hemor 

rhage m 3 am 
mals at 0 1 M 

Bromothen 

N dimethyl N' 
pyndyl N' 5 
bromothenj 1 
ethjlenedia 
mine HC1 

337 27 

4/5 ! 

4/5 

1/5 

0/5 

0/5 

Precapillary 
sphincters com 
pletely closed 
at 0 1 M 

Thenjlene 

Histadyl 

Methapynlene 

N dimethyl N' - 
pyndyl N' 

! thenyl ethyl 

enediamine 

HC1 

259 36 

. 

5/5 

5/5 

2/5 

0/5 

0/5 

Precapillarj 
sphincters 
closed at 0 01 
M Drug 

caused capil 
lary hemor 

rhage in one 
animal at 0 1 M 


* The ratios signify the number of active vasoconstrictor responses over the number of 
animals used 


action upon the capillary bed Furthermore, these three compounds as well as 
histamine decreased the stickiness of the white cells causing them to enter the 
streamline flow Epinephrine and the other antihistaminics caused the white 
cells to adhere to the vessel w alls 
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The vasodilatation produced by SC 1694 was probably due to the 8-chloro- 
theophyllin being more potent than the diphenhydramine part of the molecule. 
In particular this drug has a more potent action upon the larger vessels in the 


TABLE III 

Elkylenediamine derivatives 


COMMON NAME 

CHEMICAL NAME 

MOLEC- 

ULAR 

MOLAR CONCENTRATION 


REMAKES 

WEIGHT 

BASE 

! 

1M ^ 

O.t M 

0.01 

M 

0.001 

M 

0.0001 

M 

Neoantergant 
Pyranis amine 

N'- p- methoxy - 
benzyl - N' - 
pyridyl N-di- 
methyl ethyl- 
ene diamine 
maleate 

1 

285.40 

5/5* 

5/5 

5/5 

5/5 

1 

0/5 

Precapillary 
sphincters com- 
pletely closed 
at 0.001 M 

Pyribenz- 

araine 

Tripelenna- 

nrine 

N' -benzyl -N' - 
pyridyl-N- di - 
methyl-ethyl - 
enediame HC1 

255.37 

5/5 

4/5 

3/5 

i/5 

! 

0/5 

Precapillary 
sphincters com- 
pletely closed 
at 0.01 M 

Neohetra- 

mine 

Thonzylamine 

N - p - methoxy - 
benzyl-N'-py - 
ramidyl-N-di - 
methyl ethyl- 
ene - diamine 
HC1 

287.40 

5/5 

5/5 

5/5 

5/5 

3/5 

G.I. infection 

sensitizing the 
preparation to 
the drug 

tt It 

tt u 


5/5 

i 

! 5/5 

0/5 

0/5 

0/5 

Precapillary 
sphincters 
closed com- 

pletely at 0.1 M 

1571 F 

N' - phenyl -N' - 
ethyl - N - di - 
ethylethylene 
diamine HC1 

220.35 

( 5/5 


5/5 

5/5 

0/5 

Precapillary 
sphincters 
closed at 0.001 
M but not as 
potent as Neo- 
antergan 

Antistine 

Phenazoline 

N' - phenyl - N' - 
benzylamino - 
methyl - imid - 
azoline HC1 

265.35 

5/5 

5/5 

5/5 

3/5 

0/5 

Precapillary 
sphincters 
closed at 0.001 
M but not as 
potent as Neo- 
antergan 


* The ratios signify the number of active vasoconstrictor responses over the number of 


animals used. 

t Lessens effect of epinephrine, histamine, and H;0. 

preparation. In regard to vasodilatation by direct action on the muscular coat- 
ing of the blood vessels, theophyllin is the most potent of all the xanthine drugs. 

The finding that acetylcholine in high dilution produced a permanent vasodila- 
tation unless neutralized by Pavatrine was to be expected because of the predomi- 
nant role of the cholinergic fibers in the nervous control of the intestinal tract. 
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The inactivity of benzazoline, which has been shown to be a potent vasodilator 
on the capillaries of the rabbit's ear (4) and hind limb preparations (5), may have 
been due to the animal used (the rat). However, Littner (6) reported that ben- 
zazoline had no peripheral vasodilator effect in the toad, dog, rabbit and rat. 
Further, Braun (7), after using the rat, concluded that the site of action of the 
drug was proximal to, but not on, the capillaries themselves. Regardless of the 


TABLE IV 

Thiodiphenylamine derivatives 


COMMON NAME 

CHEMICAL NAME 

1 UOLEC- 

UOLAK CONCENTRATION 


REMARKS 

weicht 

BASE 

1M 

0.1 M 

1 0 01 i 

M 1 

0 001 ' 
M 

0 0001 
M 

SC 1627 

3015 HP 

N-dimethylamino 
ethyl thiodi- 1 
phenylamine j 
HCl 

270.26 

5/5* 

5/5 

4/5 

0/5 

0/5 

Precapillary 
sphincters 
closed at 0.01 M 

Phcnergan 

3277 UP 

N-dimethylami- 
no - isopropyl ^ 
thiodiphenyl - 
amine HCl 

2S4.41 

5/5 

5/5 | 

5/5 

5/5 

0/5 

PrecapUlary 
sphincters com- 
pletely closed 
at 0.001 M. 
Equal to Neo- 
antergan 

SC 1923 

N-methyl ethanol 
amino ethyl 
thiodiphenyl - 
amine HCl 

300.25 

5/5 

5/5 

l 

5/5 

0/5 

0/5 1 

Precapillary 
sphincters 
closed at 0.01 M 

SC 1898 

N-dhsethyl eth- , 
anol amino 

ethyl thiodi- 
phenylamine 
bromide 

395.20 

0/5 

i 0/5 

f 0/5 

0/5 

0/5 

Vasodilator (See 
table VI) 

SC 1742 

N - trimethyl - 
amino ethyl 
thiodiphenyl - 
amine chloride 

320.75 

0/5 

0/5 

0/5 

0/5 

0/5 

Vasodilator (See 
table VI) 


* The ratios signify the number of active vasoconstrictor responses over the number 
of animals used. 


exact site of action it is known that benzazoline definitely inhibits both injected 
epinephrine (8, 9) and sympathin released by adrenergic nerve stimulation (10- 
12). This is important because we observed no epinephrine inhibition or reversal 
after topical application of benzazoline to the rat meso-appendix capillary bed. 
Histamine, which acts directly upon smooth muscle, caused dilation and phenazo- 
line and 204 both caused vasoconstriction. All four of these compounds contain 
the imidazole group and the latter two are analogues of Antergan and diphenhy- 
dramine, respectively. Thus, from a structural viewpoint it appears that the 
aromatic substituents at the opposite end of the aliphatic chain play a more im- 
portant part than the imidazole group insofar as vasoconstrictor potency is con- 
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cemed. Furthermore, the results herein presented indicate that the vasocon- 
strictor activity of the antihistaminic drugs is directly on the muscle cells of the 
precapillary sphincters and is not mediated through the adrenergic nerves. This 
is in accord with the statement of Wells and Morris (13) that an antihistaminic 
drug competes with histamine for its site of action. 


TABLE V 

Miscellaneous compounds 


COMMON NAME 

CHEMICAL NAME 

MOLEC- 

ULAR 


MOLAR CONCENTRATION 

REMARKS 

WEIGHT 

BASE 

t M 

0.1 M 

0.01 

M 

0.001 

M 

0.0001 

M 

SC 887 

Diethylamino - 
ethanol 9-10, 
dihydroan 
thracene car- 
boxylate HC1 

323.28 

5/5* 

5/5 

5/5 

0/5 

0/5 

Precapillary 
sphincters 
closed at 0.01 M 

Trimeton 

Prophenpyrid- 

amine 

1 - phenyl - 1 - (2- 
pyridyl)-3-di - 
methylamino 
propane 

240.34 

5/5 

5/5 

4/5 



Precapillary 
sphincters 
closed at 0.01 M 

Pavatrine 

Diethylamino - 
ethyl - 7 - fluo- 
rene carboxyl - 
ate HC1 

310.26 

5/5 

5/5 

2/5 

0/5 

0/5 

Precapillary 
sphincters 
closed at 0.1 M 

Thephorinf 

Phenindamine 

2 - methyl - 9 - 
phenyl 2, 3,4,9- 
tetra - hydro - 
pyridinolene 
hydrogen tar- 
trate 

260.34 

4/5t 

5/5 

5/5 

j 5/5 

0/5 

Animal died.f 

Precapillary 
sphincters 
closed com- 

pletely at 0.001 
M, equal to 
Neoantergan 

Trasentine 

Adiphenine 

Distilled 

water 

Diethylamino - 
ethyl ester of 
diphenylacetic 
acid HC1 

311.23 

0/5 

145 

145 

u 




No effect on 
capillary bed 

Complete blanch- 
ing of the mem- 
brane 


* The ratios signify the number of active vasoconstrictor responses over the number 
of animals used. 

t Lessens effect of epinephrine and histamine. 


From the results herein presented, it appears that drugs having a molecular 
weight from 249 to 287 are more potent than those of higher molecular weight. 
Further, it appears that substitution of a thenyl or halogenated thenyl group for 
the benzyl or pyridyl group decreases the vasoconstrictor potency, although the 
molecular weight may be maintained within the optimal range. Also, it can be 
seen that cyclization of the terminal amine group to produce a morpholine group 
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decreases the activity while cyclization to form the imidazole group has little 
effect on the potency as measured on the capillary bed. 

In the rabbit and dog, increased capillary permeability has been measured by 
following the rate of extravasation of dyes or India ink after the intradermal in- 
jection of histamine. Diphenhydramine (14-17), tripelcnn amine (14, 18, 19) 
thonzylamine (16, 20, 21), pyranisamine (22-24), doxylamine (25) and Diatrin 


TABLE VI 
Vasodilator compounds 


COMMON NA1SE 

CHEMICAL XUIE 

UOLEC- 


MOLAR CONCENTRATION 

REMAKES 

WEIGHT 

BASE 

1M 

| 0.1 M 

1 0.01 
i M 

I 0 001 

1 M 

I 0 0001 

| M 

Acetylcholine 

chloride 


181.59 

5/5* 

5/5 

5/5 

5/5 

5/5 

i 

Complete relaxa- 
tion of capil- 
lary bed, no 
recovery on 

washing 

SC 1742 

N - trimethyl - 
amino ethyl 
thiodiphenyl 
amine chloride 

jS-dimethylamino-j 

320.75 

5/5 ( 

j 

5/5 ( 

5/5 

! 

5/5 

j 

5/5 

Same but recov- 
ered on wash- 
ing, Also see 
table IV. 3 
animals did not 
respond to his- 
tamine or dis- 
tilled water 

SC 1694 

ethyl benzhy- 1 
dry! ether salt 
of 8-chlorothe- 
ophyllin 

255.35 

5/5 

5/5 

5/5 

0/5 

0/5 

No effect on cap- 
illaries. Re- 

laxation of met- 
arterioles and 
arterioles. See 
table I 

Priscol 

BenzazoUnc 1 

2-benzyl imid- i 
azoline HC1 

160.21 

0/5 

0/5 

0/5 

0/5 

0/5 

No effect on cap- 
illary bed 

Histamine 

/3 - imidoazolyl -4 
ethylnmine 

HC1 

111.09 

ii 

0 

0 

0 

0 

145 

145 

Relaxation of 

vessels and in- 
creased blood 
flow through 
entire area 


* The ratios signify the number of active vasoconstrictor responses over the num- 
ber of animals used. 


(26) are all able to diminish or prevent the local accumulation of dye which occurs 
after the intradermal injection of histamine. The other antihistaminics would 
be expected to have a similar action differing only in tbe doses required to prevent 
the extravasation of the dye. The wheal and flare reaction that occurs after the 
intradermal injection of histamine in man is also diminished or prevented by pre- 
medication with the antihistaminic drugs (27). The reduction of the tuberculin 
skin reaction after antihistaminic medication has also been reported (2S, 29), as 
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has the reduction in the egg white edema in the rat (30, 31). Further, Halpero 
(32) found that capillary resistance was elevated in allergic, but not in normal, 
subjects after medication with phenergan, Antergan or pyranisamine. Phener- 
gan was the most potent in this respect. The action of histamine in these cases 
is purely a local one and the doses of antihistaminics employed are within the 
range herein reported as causing vasoconstriction on the capillary bed. Further, 
it is logical to assume that whether histamine itself acts to relax the precapillary 
sphincters or has a general relaxant effect upon the other vessels of the peripheral 
vascular system (metarterioles and arterioles), the overall effect would be one of 
congestion ending in the loss of fluid into the interstitial spaces. Any mecha- 
nism which prevents this relaxation and congestion would tend to decrease capil- 
lary permeability. The vasoconstrictor action of the antihistaminic drugs on the 
precapillary sphincters reduces the flow through the capillary bed and thus would 
reduce capillary permeability and the extravasation of dyes, India ink or plasma 
into the surrounding tissues. Further, the observation that when histamine was 
applied to the capillary bed the cell wall and/or the leucocytes tended to be less 
sticky (enter the streamline flow of the erythrocytes) might lead one to assume 
that the leucocytes play a mechanical part in either decreasing or increasing 
capillary permeability. Both the antihistaminics and epinephrine caused an 
opposite effect, namely, that of increasing the stickiness of the cell wall and/ or the 
white cells causing those cells to remain more firmly attached to the cell walls of 
the vessels. Furthermore, by acting as vasoconstrictors at the precapillary 
sphincters, the antihistaminics would prevent histamine from acting without 
decreasing the total amount of circulating histamine. Pellerat and Murat (33) 
have shown that after antihistaminic therapy the circulating histamine was in- 
creased 6 to 12 fold for more than 24 hours. Staub (34) showed that intravenous 
epinephrine increased blood histamine levels and prior medication with intrave- 
nous phenazoline diminished this rise. Thus blocking the action did not result 
in too great a decrease in the histamine blood level. Furthermore, after the 
antihistaminic effect has worn off, there is a tendency for histamine to again pro- 
duce its vascular effects. 

This discussion of the capillary action of histamine does not take into considera- 
tion the other vascular effects of the drug. However, it has been shown that 
vasodepressor action (20, 21, 25, 32, 35-51) and the vasoconstrictor action on the 
larger arteries (52) are all blocked by the antihistaminic drugs. Such action 
would support the belief that both histamine and the antihistaminics act at the 
same site and that there is a different muscular area concerned with each action. 

SUMMARY 

1. It has been shown that the antihistaminic drugs, not related to acetylcho- 
line, have a vasoconstrictor action on the precapillary sphincters of the mamma- 
lian capillar, 7 bed, while histamine has a vasodilator action. This demonstrates 
that both drugs compete for the same site of action. 

2. It has been shown that acetylcholine and antihistaminic compounds having 
the choline group exert a vasodilator effect upon the capillary bed. Further, al- 
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though washing the bed counteracts the effect of the latter compounds, it is neces 
sary to apply an antispasmodic drug to counteract the effect of the former 

3 It has been shown that antispasmodic drugs have at best only a slight 
vasoconstrictor action upon the capillary bed 

4 The vasodilator action of 8 chlorotheophyllin is more potent than the vaso- 
constrictor action of diphenhydramine However, the effect is not upon the pre- 
capillary sphincters but upon the vessels having more muscular coats (arterioles) 

5 The vasoconstrictor effect produced by the antihistammics on the capillary 
bed is produced at dilutions which are of the same order of magmtude as those 
obtained m animals or humans after oral or intravenous administration Fur- 
ther, such vasoconstriction explains the decrease in Trypan Blue extravasation in 
animals, the decrease in the wheal and flare reaction in humans and the reduction 
in the tuberculin skin reaction 

C The cychzation of the terminal amine group to form a morpholine group de- 
creases the vasoconstrictor action of diphenhydramine However, cychzation to 
form the imidazole group does not decrease the vasoconstrictor action of an anti 
histaminic The substitution of a thenyl or halogenated thenyl group for either 
the phenyl or pyridyl group results in a decrease m vasoconstrictor action 
Acknowledgment The authors wish to thank Parke, Davis and Co for the 
Benadryl and Linadryl, Ciba Pharmaceutical Products, Inc , for the Pyribenza- 
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Tagathen, Pyridium Corp for the Neohetramine, Merck and Co for the Neoan- 
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The cardinal signs of pteroylglutamic acid (PGA, folic acid) deficiency in 
mammals are disorders of hematopoiesis and of the digestive tract. Manifesta- 
tions of severe deficiency include macrocytic anemia and granulocytopenia with 
hypoplasia of bone marrow involving erythro- and myelopoiesis. Megaloblas- 
tosis is found in monkeys and man. The lesions of the digestive tract include 
necrosis of the buccal and intestinal mucosa. Diarrhea is a feature. Current 
knowledge of the role of the vitamin in mammalian nutrition is exhaustively 
treated in a recent review by Jukes and Stokstad (1). 

Attempts to develop structural analogs which antagonize the actions of PGA 
have been successful. Impure preparations of relatively low potency, presum- 
ably containing x-methyl analogues of PGA, were the first antagonists to ac- 
celerate and enhance the vitamin-deficiency when fed with PGA-deficient diets 
(2, 3, 4). As expected of competitive antagonists (5), the effects of these prep- 
arations were readily reversed by PGA. More recently a congener in which 
the 4-liydroxy group of PGA was replaced by an amino substitution (6) (4- 
amino-pteroylglutamic acid) was found to exert a fulminating toxic effect in 
laboratory animals. The lesions produced by this compound were difficult to 
prevent by simultaneous administration of PGA. Reports have appeared con- 
cerning its toxicity in several laboratory species (7, 8, 9) and further interest in 
the compound followed the announcement of its inhibitory actions against Rous 
sarcoma in young chicks (10) and acute leukemia in children (11). It appeared, 
therefore, of importance to explore the sites of its action and to assess whether 
the lesions produced by the agent could be considered to result from an antago- 
nism of folic acid. For these reasons the study here reported was initiated in mice 
and rats. A subsequent report will deal with its actions in dogs (12). 

Procedure. Albino mice (AKM strain) and rats (Wiatar strain) of both sexes served 
as experimental subjects. The animals had been raised and were maintained during the 
investigations on standard laboratory diets. With exceptions, mentioned below, the 
weights of mice were between 17.5 and 22.5 grams and of rats, between 100 and 200 grams. 


1 This investigation was supported by research grants to the Sloan -Kettering Institute 
from the U, S. Public Health Service, Division of Research Grants and Fellowships, and 
from the American Cancer Society. 

* Neale Research Pathologist, University of Adelaide, S. Australia; National Cancer 
Institute Fellow, U. S. Public Health Service. 

303 



304 


FREDERICK S. PHILIPS AND JOHN B. THIERSCH 


Solutions of 4-amino-PGA 3 were prepared fresh daily for immediate use in 0.9 per cent 
NaCl. They were made from ampules containing measured samples which had been neu- 
tralized before drying, or by the addition of 2 molar equivalents of NaHCOj to weighed 
amounts of the free acid. Doses were administered in the constant volume of 0.5 cc. per 
20 gram mouse and 1.0 cc, per 100 gram rat. Standard procedures, as recommended by 
Wintrobe (13) , were used to investigate the blood of rats. Samples of 2 or more cc. of blood 
were obtained in heparinized syringes at time of sacrifice from deep cuts across the axillary 
vessels of stunned rats. Bone marrow samples were obtained from long bones. Femoral 
shafts were connected to small syringes by means of rubber tubing and their contents ex- 
pelled by air-pressure. Marrow smears were stained by the Jenner-Giemsa technic. When 
possible blocks of marrow were fixed in Vandergrift’s reagent and, after embedding, stained 
with liematoxylin-phloxin-eosin and Giemsa. Representative samples of spleen, liver, 
duodenum, jejunum, ileum, colon, mesenteric lymph node, sternum, and thymus were 
treated likewise. 

Results. Toxicity. The LD 60 of 4-amino-PGA in animals receiving single 
doses, as estimated graphically (14) from the data of table 1, was 1.9 ± 0.3 mgm. 
per lcgm. in mice and 4.5 ± 1.4 mgm. per kgm. in rats. Several interesting 
features of the toxic actions may be noted in table 1. Although the agent was 
administered parenterally in doses which exceeded the LD 50 at least tenfold, no 
animal succumbed earlier than the third day. Oral administration in rats was as 
effective as parenteral injection. Furthermore, 4-amino-PGA, when given daily 
in fractions of the lethal dose, appeared to be almost as toxic in mice and possibly 
more toxic in rats than when given in single doses. 

Antagonism of A-amino-PGA. Attempts to reduce toxicity by treatment of 
animals with PGA met with limited success. Since the daily dosage of PGA 
employed was near the maximum tolerated by mice, it was not possible to explore 
the antagonism of the agents beyond the limits shown in table 2. Within this 
range the LD 60 of 4-amino-PGA was raised several fold by repeated administration 
of the vitamin. A similar result was obtained with large doses of pteroyltriglu- 
tamic acid (PTGA) . It is interesting to note that the course of fatal intoxication 
was not appreciably altered in those animals which succumbed in spite of treat- 
ment noth either PGA or PTGA. Most succumbed during the third or fourth 
day following 4-amino-PGA administration. 

In view of possible interrelationships among the actions of PGA, the anti- 
pernicious-anemia factor in liver, and thymine (1) a few observations were made 
to assess the effects of the two last mentioned substances on the toxicity of 4- 
amino-PGA. When used as described for PGA and PTGA in table 2, refined 
liver extract and thymine in daily doses of 10 units per kgm. and 500 mgm. per 
lcgm., respectively, failed to alter the effects of both 12.5 and 3.1 mgm. per kgm. 
of the toxic agent. 

Course of Intoxication. During the first 24 hours following the administration 
of fatal doses of 4-amino-PGA the behavior and appearance of mice and rats were 
unaltered. Moderate losses in weight were noted by the end of the first day. 
Subsequently debilitation set in and progressed steadily to the extent that in- 

3 The authors are grateful to the late Dr. Y. SubbaRow and Dr. T. H. Jukes and their 
associates in the Lederle Laboratories for their generous provision of both ampuled prepara- 
tions and bulk samples of 4-amino-PGA, PGA, pteroyltriglutamic acid, and purified liver 
extract. 
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toxicnted animals lost approximately 20 per cent of their initial weight within 72 
hours. Severe, watery diarrhea appeared 48 hours after poisoning. The feces 

TABLE 1 


Toxicity of 4-amino -PGA in mice and rats 


SPECIES 

sodxe or 

Ho. or 

DOSAGE 

UOBTAL* 

DAY or DEATH 


TIONS 

Single 

Total 


3 to 4 

5 to 7 

S to 14 




mgm.J 

igm./day 

ngm./ 

hgin. 





Mouse 

Intraperitoneal 

1 

100 

100 

6/6 

G 

— 

— 



1 

25 

25 

6/6 

6 

— 

— 



1 

12.5 

12.5 

34/34 


3 

1 



i 

6.3 

6.3 

11/12 


1 

— 



1 

3.1 

3.1 

26/40 

22 

4 

— 



1 

1.6 

1.6 

9/18 

8 

1 

— 



i 

0.8 


2/18 

1 

1 

— 



1 

0.4 


3/6 

— 

3 

— 



1 

0.2 


3/6 

1 

1 

1 



5 

1.6 

8.0 

0/6 

2 

4 

___ 



7 

0.8 

5.6 

12/12 

2 

9 

1 



7 

0.4 

2.8 

7/12 

— 

5 

2 



7 

0.2 

1.4 

2/6 

— 

1 

1 



7 

0.1 


0/3 

— 

— 

— 



7 

0.05 

0.35 

0/3 

— 

— 

— 

Rat 

Intraperitoncal 

1 

40 

40 

6/6 

3 

3 

_ 



1 

20 

20 

5/6 

2 

3 

— 



1 

10 

10 

5/6 

2 

3 

— 



1 

5 

5 

4/6 

1 

2 

1 



1 

2.5 

2.5 

2/6 

— 

1 

1 



1 

1.25 

1.25 

0/6 

— 

— 

— 



4 

1.0 

4.0 

4/4 

3 

1 





4 

0.5 

2.0 

4/4 

2 

2 

— 



8 

0.25 

2.0 

6/10* 

— 

6 

— 



8 

0.125 

1.0 

0/6f 



— 


Oral 

1 

40 

40 

5/6 

3 

2 





1 

20 

20 

5/6 

2 

2 

1 



1 

10 

10 

4/6 

3 

i 

— 



1 

5 

5 

2/6 

1 


1 



1 

2.5 

2.5 

2/6 

2 

— 

— 



1 

1.25 

1.25 

0/6 

__ 

— 

— 


* Two surviving animals sacrificed on seventh day for hematologic and pathologic 
study; one of pair exhibited severe debilitation and diarrhea. 

t All sacrificed on tenth day for hematologic and pathologic study; at this time the 
weights in percent of initial were as follows: 89, 101, 104, 104, 110, 133. 

were yellowish-brown in color and, terminally, grossly stained with blood. The 
diarrhea persisted as a prominent feature of fatal intoxication in both mice and 
rats and contributed to their dehydrated and depressed appearance at death. 
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. Animals surviving minimum lethal doses exhibited transient retardation in 
growth or actual loss of about 5 per cent of body weight during the first week. 
(Untreated animals of similar age from the same colony gain consistently 1 to 2 
per cent of body weight per day.) Their subsequent recovery was rapid. 

Pathology. The lesions caused by single, fatal doses of 4-amino-PGA were 
studied in rats receiving 40 mgm. per kgm. intraperitoneally. The animals were 
sacrificed at various intervals as noted in table 3 (“acute” group). 

Effects of chronic administration of the agent were observed in a limited group 
of animals receiving either 0.25 or 0.125 mgm. per kgm. per day (PI and PII, 
table 3) and in a larger series of 15 males and 14 females which received the doses 
shown in figure 1 and table 3 (groups I to V) . Animals of the latter series were 
sacrificed when they failed to gain or lost weight for at least 4 consecutive days. 


TABLE 2 

Effect of single doses of 4-amino-PGA in mice treated with PGA and PTGA 


TREATED WITH 

dose or 4 -mtoio-PGA 

MORTALITY 

PGA* 

mgm./kgm. 

12.5 

15/18 


3.1 

2/18 


1.6 

0/6 

PTGAf 

12.5 

4/6 


6.3 

1/6 


3.1 

3/12 


1.6 

0/6 


* 47 mgm. /kgm. administered intraperitoneally once daily at —2, —1, 0, 1, and 2days. 
t 500 mgm./kgm., once daily, as for PGA. 


Only 4 animals of this series, all females, succumbed before sacrifice. The re- 
maining females exhibited signs of poisoning before the end of the first 7 weeks 
and were included among the first 4 groups of animals (groups I to IV, table 3). 
Group V consisted of 8 male rats. Their gain in body weight was not seriously 
impaired until the initial dose had been increased fourfold. 

1) Lesio?is of blood and hematopoietic tissue. The femoral marrow of rats 
receiving 40 mgm. per kgm. was converted from a greyish-red, gelatinous staff 
of material 'to a darker, more fluid substance by the twelfth hour after treatment. 
Progressive liquefaction of the marrow occurred until at 72 hours only purple 
fluid could be expelled from the femur. In the peripheral blood marked granulo- 
cytopenia and reticulocytopenia and a moderate lymphopenia developed simul- 
taneously. In table 3 are shown changes in peripheral blood and bone marrow. 
It is evident that within 48 hours erythropoiesis and myelopoiesis were severely 
inhibited. The elevated values for lymphoid cells in the femoral contents taken 
from 48- and 72-hour animals were due to replacement of marrow tissues by 
blood. Hemoconcentration became evident at 48 hours when diarrhea first 
appeared. 
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Ill-defined areas of degeneration were observed in sternal and femoral marrow 
as early as 6 and 12 hours after the administration of 40 mgm. per kgm. of 4- 
amino-PGA. After 24 and 48 hours the sinus and capillary network of the mar- 
row became prominent due to depletion in erythro- and myelopoiesis. Between 
48 and 72 hours the hematopoietic tissues largely vanished from the marrow 
leaving a network of capillaries and sinusoids filled with blood. Capillary endo- 
thelial lining and histiocytes were prominent in smears and sections. The re- 
mainder of the original marrow consisted for the most part of eosinophils, mega- 



Fio 1. Growth in Body-weight op Rats Receiving Repeated, Intraperitoneal In- 
jections or 4-amino PGA. Daily Dosage Indicated by Solid Columns Along Abscissa 


karyocytes, and a few basophil normoblasts and erythroblasts. Pyknosis was 
common in these cells. In the marrow smears lymphocytes were prominent 
due to admixture of peripheral blood since no lymph follicles or aggregations of 
these elements were found in sections. 

In animals receiving 0.25 or 0.125 mgm. per kgm. of 4-amino-PGA daily for 
periods of 5 to 9 days (groups PI and PII, table 3) the hematological changes 
resembled! those described above in the “acute” group 48 and 72 hours after 
poisoning However, changes in hematopoietic tissues developed less rapidly 
and were less severe when small daily doses of 0.05 mgm. per kgm. were given 
(groups I to V, figure 1 and table 3). No significant changes were found in 
animals of group I and only one of group II and one of group III evidenced 
marrow depletion. Moderate depletion was found in the 3 animals of group IV. 




TABLE 3 

Hematological data from, rats treated with / r amino-PGA 
(Number of animals used indicated in brackets) 
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However, animals of group V within 9 days after elevation of doily dosage from 
0.05 to 0.1 and 0.2 mgm. per kgm. showed advanced changes in blood and marrow 
consistent with the lesions found in the “acute” animals and in groups PI and 
PII. 

2) Lesions of the intestinal trad. All animals had a natural oral mucosa and 
esophagus. However, the stomach and intestinal canal were filled in most 
cases with a yellow-brownish fluid and were often distended. Parts of the colon 
and rectum were spastically contracted. The fluid found in the gastro-intestinal 
tract was a transparent, viscid material, almost gelatinous in early stages but 
later more watery and plasma-like. Only in later stages were leucocytes and 
blood present. 

Microscopic examination of tissues from small and large intestines, taken from 
animals as early as G and 12 hours after injection of 40 mgm. per kgm. of 4-amino- 
PGA, revealed venous hyperemia and marked dilatation of capillaries and venules 
in mucosa and submucosa. As a result the distal ends of villi were distended. 
Plasma extravasation was evident in the submucosa between the dilated vessels 
and the epithelium. The epithelium was enlarged partly by cytoplasmatic 
vacuolation. In some instances it had desquamated permitting plasma and 
lymph to flow into the lumen. After 24 and 48 hours these phenomena were 
more pronounced. Both surface and crypt epithelium showed, in addition to 
marked enlargement and vacuolation, extensive desquamation associated with 
rapid, often abnormal, regeneration of cells containing atypical, giant nuclei. 
Infiltration of villi and submucosa with neutrophils, lymphocytes and eosinophils 
began at 24 hours and, thereafter, increased progressively. Many polymorphonu- 
clears mixed with desquamated epithelium could be found forming plugs in the 
crypts and were still present at a time when the marrow was almost completely 
free of granulocytes. After 72 hours both the small and large intestine showed 
extensive broadening and apparent shortening of villi or plicae due to extensive 
leucocytic infiltration, hyperemia, and edema. There were also small areas of 
fresh hemorrhages due to loss of the superficial parts of plicae. 

In animals poisoned by chronic administration the extent of damage to the 
intestinal tissues paralleled the findings in bone marrow. Thus, groups PI 
and PII exhibited intestinal changes like those seen in animals of the "acute” 
group. Intestinal lesions were absent in Group I and only one of each of group 
II and III exhibited characteristic, early changes. Marked intestinal edema, 
desquamation of mucosa, and infiltration of leucocytes were noted in group IV. 
Finally, intestinal tracts of animals of group V were indistinguishable from those 
of experimental animals 72 hours after receiving 40 mgm. per kgm. 

3) The lymphoid system. By the second and third days after the dose of 40 
mgm./kgm. lymph nodes of the axilla, groin, and mesentery as well as lymph 
follicles of the spleen and lymph placques of the intestine decreased moderately 
in size. At the same time a decreased number of lymphocytes was found in the 
circulation. Such changes might be related to migration of lymphocytes into 
the wall of the gut where they were found in abundance. It is pertinent to note 
that, with the exception of cortical pyknosis of the thymus in rats 48 and 72 hours 
after 40 mgm./kgm., necrotic changes in lymphoid tissues were not observed. 
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The Relatively moderate effect on lymphoid tissues is one of the outstanding dif- 
ferences between the actions of 4-amino-PGA and those of nitrogen mustard (15). 

•4) Other lesions. Apart from the lesions described above, a general venous 
congestion of all internal organs was noted. 

5) Ccmxplications. In five per cent of rats receiving 4-amino-PGA by chronic 
administration, salmonella infections altered the typical course of poisoning. 
After gut lesions were established, an ascending infection took place with enlarg- 
ment of the mesenteric lymph nodes, abscess formation, multiple fibrinoid ne- 
crosis in liver, spleen, kidney and lung, bronchitis and bronchopneumonia. 

Discussion. The derangements produced in rats by 4-amino-PGA include 
failure to gain weight, hypoplasia of bone marrow, and edema of the intestinal 
tract associated with desquamation and diarrhea. Each of these changes is 
found in folic acid deficiency and their combined appearance forms the classical 
syndrome (1). Nitrogen mustards and x-rays also produce lesions in bone 
marrow and intestinal tract but at the same time damage severely all lymphoid 
tissues. 1 However, the fact that 4-amino-PGA has a more selective action in 
erythro- and myelopoietic tissues by comparison with its effects on lymphoid 
tissues is consistent again with the syndrome of folic acid deficiency (16). More- 
over, intestinal changes following 4-amino-PGA and nitrogen mustard differ. 
Following fatal poisoning with nitrogen mustard the epithelium of the intestinal 
tract enlarges to a greater extent without desquamation and hyperemia and at 
the same time leucocytic infiltration of submucosa is not as marked as in 4- 
amino-PGA intoxication (17). 

On the basis of the lesions produced by 4-amino-PGA, as described above, 
and its structural similarity to PGA it is reasonable to conclude that 4-amino- 
PGA acts as an antagonist of folic acid. This conclusion is supported by work on 
the growth of Streptococcus fecalis R (7, 9, IS). However, in mice (7), rats and 
chicks (9) 4-amino-PGA differs from an ideal metabolite-antagonist (5) in that 
its actions are not readily prevented or reversed by PGA. In this respect 4- 
amino-PGA is unlike x-methyl folic acid which acts as a competitive antagonist 
of PGA in rats, mice, and chicks (3,4). In addition, the speed of onset and sever- 
ity of lesions following administration of 4-amino-PGA exceeds by far the effect 
obtained with the same x-methyl antagonist. It is also to be noted that stoma- 
titis found in rats receiving the reversible antagonist was missing in animals 
given 4-amino-PGA. 

The discrepancies between the actions of 4-amino-PGA and those of an ideal 
metabolite-antagonist might be related to a marked affinity of the potent agent 
for the physiological loci of action of pteroylglutamic acid. On this basis the 
rapid onset and severity of lesions caused by the antagonist could be considered 
to result from an immediate and absolute folic acid deficiency in affected cells 
leading to their rapid degeneration and death. Accordingly the administration 
of folic acid might be relatively ineffective in preventing or reversing the toxic 
actions of 4-amino-PGA. 

The failure to observe oral lesions in rats following administration of 4-amino- 
PGA corresponds to the findings in rats receiving folic acid deficient diets (16). 
However, such lesions are commonly found in patients treated with 4-amino-PGA 
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(11) . Moreover, one might speculate that various antagonists of folic acid could 
differ sufficiently in distribution among the tissues of higher organisms such that 
at critical levels of dosage characteristic patterns of response could be expected. 

SUMMARY AND CONCLUSIONS 

1. The toxicity of 4-amino-pteroylglutamic acid (4-amino-PGA) has been 
studied in mice and rats following acute and chronic administration. 

2. The agent was almost as toxic in mice and possibly more toxic in rats when 
given daily in fractions of the lethal dose. 

3. The course of fatal intoxication was not altered by doses exceeding the LD 60 
at least tenfold. 

4. The toxicity of 4-amino-PGA was reduced to only a limited extent in mice 
by simultaneous administration of large doses of either PGA or pteroyltri- 
glutamic acid. 

5. The syndrome produced in rats corresponded to a folic acid deficiency and 
consisted of loss of weight, hypoplasia of bone marrow, and intestinal lesions with 
diarrhea. The syndrome was rapid in onset and led quickly to death. 

6. It is concluded that 4-amino-PGA produces an absolute immediate defi- 
ciency of pteroylglutamic acid (PGA). The affected cells degenerate rapidly, 
which makes reversibility by PGA improbable. Regeneration can be expected 
only from cells relatively insensitive to the actions of the agent. 
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The production of fatal ventricular fibrillation in barbitalized dogs under 
chloroform anesthesia by the intravenous injection of large doses of epinephrine 
is a well established phenomenon (1). 

It has been reported that certain agents presumed to produce coronary vasodi- 
latation such as quinacrine (1) papaverine (2), or nitrites (3), the intravenous 
administration of procaine (4, 5, 6, 7), quinidine (8), or adrenolytic substances 
such as priscol (9, 10) and dibenamine (10, 11, 12) are useful in the prophylaxis of 
this phenomenon. 

In the present series 3 groups of agents were tested for their protective influence 
against the chloroform-epinephrine effect on the dog’s heart: a) coronary vas- 
odilators: sodium nitrite (3 dogs), aminophylline (6 dogs), papaverine (3 dogs), 
and quinacrine (2 dogs). 

b) those decreasing myocardial excitability: procaine (11 dogs), quinidine 
sulfate (6 dogs). 

c) adrenolytic agents: priscol (4 dogs), dibenamine (2 dogs). 

The production of ventricular fibrillation is not an invariable result of the 
administration of intravenous epinephrine during chloroform anesthesia to bar- 
bitalized dogs. For this reason, the absence of fibrillation alone cannot be used 
as an index of the protecting properties of the agent administered as a test drug. 

In the present series, 21 dogs manifested ventricular fibrillation following the 
first or subsequent administrations of chloroform-epinephrine. Of these 21 
dogs, 18 (85 per cent) demonstrated a tachycardia with increasing ventricular 
excitability immediately preceding the onset of fibrillation. For purposes of 
this study these changes are considered to represent “prefibrillation” changes. 
To protect properly against the onset of chloroform-epinephrine ventricular 
fibrillation, an agent should prevent the onset of “pre-fibrillation” changes as 
well as fibrillation. 

Method. Medium sized dogs anesthetized with barbital 250 or 300 mgm. per kg m. 
were used. The common carotid artery was cannulated and the blood pressure recorded 
on moving photographic paper by means of a Hamilton optical manometer (13). 

The drug to be tested was injected into an exposed femoral vein, and enough time allowed 
to elapse for the blood pressure and pulse rate to become stabilized following the injection. 
Chloroform was administered by means of a positive pressure anesthetic machine and 
face mask, the rate of flow regulated so as to minimize the fall in blood pressure as much as 
possible. Following 5 minutes of chloroform administration, epinephrine 0.02 mgm. per 
kgm. was rapidly injected into the femoral vein, and the chloroform immediately dis- 
continued. 

Tracings were obtained as follows: at the time the test drug was administered and con- 
tinued until the maximum effect was manifest; at the onset of the chloroform inhalation 
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and at one minute intervals during chloroform administration, and at the time of epi 
nephnnc injection, continuing until \ entncular fibrillation ensued or a definite trend back 
toward normalcy had been established Control tracings were made prior to the adminis- 
tration of the test drug in each instance 

The chloroform epinephrine administration was repeated at regular intervals without 
further administration of the test drug in the majority of the dogs who survived the first 
administration 

Results Table I summarizes the maximum rhythm changes produced in 
each dog in the series and indicates the time intervals elapsing between the first 
and subsequent chloroform epinephrine administrations 

1 Sodium nitrite, 10 mgm perkgm was given to 3 dogs (#16, 17, 18) In 
all cases theie w as an associated fall in blood pressure, but no appreciable change 
in cardiac rate or rhythm Following the injection of epinephrine to dog # 10 
there was no increase in blood pressure but rhythm disturbances appeared as 
demonstrated by complete heart block with ldio ventricular rhythm followed by 
coupled ventricular premature contractions Normal rhythm was restored after 
4 mmutes The chloroform epinephrine administration was repeated twice 
with identical results Dogs # 17 and 18 responded to the epinephrine injection 
with an abrupt rise in blood pressure and pulse rate The tachycardia was 
followed by increased ventricular irritability in both cases, and dog # 17 went 
on to fatal ventricular fibrillation Dog # 18 returned to a normal mechamsm 
after 30 seconds of ventricular premature contractions Repetitions of the 
chloroform epinephrine administration to dog # 18 up to CO minutes produced 
similarly bizarre tracings Neither dog # 16 nor 18 w ent into ventricular fibrilla- 
tion on any of the injections 

2 Aminophylline, 10 mgm per kgm was given to 6 dogs producing a fall 
in blood pressure in 4 (#9, 11, 12, and 13), and a rise in 2 (10 and 14) The 
cardiac rate and rhythm were unchanged Following the epinephrine injection 
there was an abrupt rise in blood pressure and heart rate m all six In 2 (#10 and 
13) the tachycardia proceeded to ventricular fibrillation In the remainder 
(#9, 11, 12, 14) there were many ventricular premature contractions lasting 
from 2 to 6 minutes Repetition of chloroform epinephrine administration to 
dog #12 produced ventricular fibrillation Repetitions to dogs #9, 11, and 
14 produced pre fibrillation changes similar to those following the first adminis- 
tration None of these 3 dogs developed ventricular fibrillation, even after an 
interval of 1J to 2 hours following the administration of the aminophylline 

3 Papaverine, 5 mgm per kgm was given to 3 dogs (#20, 21, 22) The 
administration was followed by an increase in pulse pressure due to a fall m 
diastolic pressure in all three Follow ing the epinephrine injection there w as no 
significant rise in blood pressure in anj case Dog #20 demonstrated a tachy- 
cardia followed by ventricular premature contractions and fibrillation, dog # 21 
demonstrated a tachycardia followed immediately by ventricular fibrillation, 
and dog # 22 had coupled ventricular premature contractions followed by fibrilla- 
tion 

4 Quraacrine, 20 mgm per kgm was given to 2 dogs (#27 and 28) In 
both cases there was an associated fall in blood pressure Following the ad- 
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TABLE I 


Summary of maximum effect on rhythm following chloroform-epinephrine 


DRUG 

DOC 

FIRST CHLOROFORM -EPINEPHRINE 
ADMINISTRATION 

SUBSEQUENT CHLOEOFOEli-EPINEPHSINE 
ADHimSTRATIOKS* 

No irregu- 
larities 
(protec- 
tion) 

Pre-fibril- 
lation 
changes. 
No fibril- 
lation 

Ventric- 

ular 

fibrilla- 

tion 

No irregulari- 
ties 

(protection) 

Pre-fibrilla- 
tion changes. 
No fibril- 
lation 

Ventric- 

ular 

fibrilla- 

tion 

Chloroform - epi- 

1 


X 



X 


nephrine alone 

2 



X 




with no protective 

3 



X 




substance 








Sodium nitrite 10 

16 


X 



XX 


mgm./kgm. 

17 



X 





18 


X 



xxxx 


Aminophylline 10 

9 


X 



XX (1) 


mgm./kgm. 

10 



X 





11 


X 



XX (2) 



12 


X 




X(3) 


13 



X 





14 


X 



XXX (4) 


Papaverine 5 mgm./ 

20 



X 




kgm. 

21 



X 





22 



X 




Atabrine 20 mgm./ 

27 


X 



X(5) 

X(6) 

kgm. 

28 


X 




X(7) 

Procaine 20 mgm./ 

4 



X 




kgm. 

6 

X 




XXXX (8) 



7 


X 




X(9) 


15 



X 





29 

X 




X 

X 


30 


X 



X 



31 



X 





32 



X 





33 



X 





34 



X 





5 



X 







glgM 

SB! 




Quinidine Sulfate 10 

25 


X (3 sec. 





mgm./kgm. 











tion) 


X 




26 

X 




XX 



35 


X 




X 


36 

X 





X 


37 

X 




X 



38 

X 



XXXX (10) 











































PREVENTION OF VENTRICULAR FIBRILLATION 


315 


TABLE l— Concluded 


DRUG 

DOG 

mSTCBLOSOrORM EPINEPHRINE 
APSONISIRATION 

SUBSEQUENT CHLOROFORM EPINEPHRINE 
ADMINISTRATIONS* 

No Irregu 
lari ties 

(protec 

tion) 

Pre-fibnl 
lation 
changes 
No fibril 
lation 

Ventric 

ular 

fibnlla , 
tion 

L o irregular i 
lies 

(protection) 

Pre fibnlla 
tion changes 
No fibril 
lation 

Ventnc 

ular 

fibnlla 

tion 

Pnscol 10 mgm / 

24 

X 



X 



kgm 

39 

X 



XX 





X 



XX 




42 

X 






Dibenamino 20 

23 

X 



X 



mgm /kgm 

41 

X 




1 



* At intervals of 15 minutes unless otherwise specified 

(1) 20 and 35 minutes after initial administration 

(2) 20 , 90, and 110 minutes after initial administration 

(3) 20 minutes after initial administration 

(4) 20, 40, and 70 minutes after initial administration 

(5) 10 minutes after initial administration 

(6) 20 minutes after initial administration 

(7) 10 minutes after initial administration 

(8) 10, 30, 45, and 60 minutes after initial administration 

(9) 20 minutes after initial administration 

(10) 15 and 30 minutes, 1|, 2$, and 3£ hours after initial administration 

ministration of chloroform epinepbnne to dog #27 there was no hypertensive 
response, but a tachj'cardia was manifest followed by marked ventricular ir- 
regularity and A-V conduction changes Repetition of these agents produced 
an abrupt nse in blood pressure, tachycardia, and ventricular fibrillation Dog 
#28, following epinephrine, demonstrated a hypertensive response followed by 
ventricular premature contractions, ventricular tachycardia and tachysystole 
of 12 seconds duration Ten minutes later, readmmistration of chloroform- 
epmephrme produced fibrillation 

5 Procaine, 20 mgm per kgm w as given to 10 dogs with no associated change 
m rate, rhythm, or blood pressure Following the chloroform epinephrme ad- 
ministration there was an abrupt and significant rise in blood pressure in all 
cases Si\ of the dogs developed ventnculai fibrillation Dogs #7 and 30 
developed pie fibrillation changes, with return to normal mechanism in 3 and 2 
minutes, respectively Dogs # 6 and 29 responded to epinephrme with a sinus 
tachycardia demonstrating no irregularities m rhj thm Repetition of the chloro- 
form epinephrine administration to the dogs which had shown pre fibrillation 
changes ( # 7 and 30) reproduced identical changes in # 30, and produced ven- 
tricular fibrillation in #7 Readmmistration of the chloroform epmephnne to 
clogs that had been protected (#6 and 29) produced marked pre-fibrillation 
changes, and a third administration to dog # 29 resulted m ventricular fibrilla- 
tion 

Dog #5 was given 25 mgm procaine per kgm and immediately after the 
injection died 
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6. Quinidine sulfate, 10 mgm. per kgm. was given to 6 dogs, and was associated 
with a very slight fall in blood pressure and marked slowing of the rate in all. 
Following the epinephrine injection there was an abrupt rise in blood pressure el 
significant degree, and a rise in pulse rate to approximately the control level. 
There were no rhythm disturbances in 4 of the 6 dogs following the first chloro- 
form-epinephrine administration. Dog #25 showed a very brief run of ven- 
tricular tachycardia lasting for 3 seconds with spontaneous reversion to the 
sinus mechanism. Dog #35 demonstrated definite pre-fibrillation changes 
following the first chloroform-epinephrine administration. The chloroform-epi- 
nephrine administration was repeated and produced ventricular fibrillation in 
2 cases ( #35 and 36), pre-fibrillation changes in 2 ( # 26 and 37), and no rhythm 
disturbances in 2 ( # 25 and 38) . It should be noted that dog # 25, which showed 
a 3-second run of ventricular tachycardia after the first chloroform-epinephrine 
administration was protected for the second. Dog # 38 failed to show evidence 
of any rhythm disturbances up to 3| hours after having received quinidine. 

7. Priscol, 10 mgm. per kgm. was given to 4 dogs with a marked rise in systolic 
pressure and moderate increase in rate. Epinephrine was followed by a slight 
rise in systolic and a significant fall in diastolic pressure, and a tachycardia in all 
cases. There were no irregularities in rhythm. Chloroform-epinephrine was 
repeated at 15 minute intervals once (#24) or twice (#39, 40) with identical 
results. 

Dibenamine, 20 mgm. per kgm. was given to 2 dogs with essentially no changes ' 
in blood pressure and slight slowing of the rate. After an interval of 30 minutes 
chloroform-epinephrine administration produced a tachycardia in both, but no 
rhythm disturbances were noted. Re-administration of chloroform-epinephrine 
after 15 minutes produced identical results. 

Discussion. Of the 14 dogs receiving so-called “coronary vasodilators” 6 
had ventricular fibrillation following the first chloroform-epinephrine administra- 
tion, and the remaining 8 demonstrated pre-fibrillation changes of considerable 
severity. None were protected in the sense of preventing the changes which 
have been seen to immediately precede fibrillation. These findings are at vari- 
ance with those of Melville (1, 3), who reported protection against chloroform- 
epinephrine ventricular fibrillation with coronary 7 dilators. 

The agents in the second group were variable. Procaine protected 2 dogs 
against arrhythmias following the first chloroform-epinephrine administration, 

1 dog died following procaine administration alone, 2 showed marked pre- 
fibrillation changes and 6 manifested ventricular fibrillation. The protection 
of 2 out of 11 dogs, and the death due to procaine of 1 out of 11 dogs indicates 
that procaine is unreliable as a protective agent, findings in agreement with the 
conclusions of Wiggers and Wegria (4), and Nickerson (7), who found procaine 
to be of very little prophylactic value. 

Quinidine sulfate in the dose employed had appreciable protective properties, 
a finding in agreement with Wegria and Nickerson (8). Four of the 6 dogs 
failed to show any of the arrhythmias after the first chloroform-epinephrine ad- 
ministration, which appeared following subsequent administrations in all but 
1 ( #38). One dog (#25) showed only a very transient pre-fibrillation change 
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which reverted to the sinus mechanism after only 3 seconds, changes which were 
insignificant for all practical purposes Dibenamine and pnscol, adrenolytic 
agents, gave complete protection to 2 and 4 dogs, respectively, finding m agree- 
ment with previous reports (8, 9, 10, 12) 

It has been reported pro (14) and con (1, 11) that an abrupt and definite rise 
in blood pressure is essential to the production of this type of ventricular fibrilla- 
tion Twenty seven of the dogs showed a rise m sjstohc pressure in excess of 
20 mm Hg, 8 of which showed no rhythm disturbances Eight dogs demon 
strated no appreciable hypertensive response (less than 20 mm Hg), of which 5 
had pre fibrillation changes or fibrillation, and 1 dog had a fall in systolic pressure 
(10 mm Hg) and fibnllated From this evidence it is apparent that the pressor 
effect of epinephrine is not related to the production of ventricular fibrillation 
during chloroform inhalation 


summary 

1 Three groups of agents w ere studied for their prophylactic effect against the 
production of ventricular fibrillation in barbitalized dogs given epinephrine 
during chloroform anesthesia 

a So called coronary vasodilating agents sodium nitrite, aminophyllme, pa 
pavenne, and quinacnne 

b Agents decreasing myocardial excitability procaine and qumidme sulfate 
c Adrenolytic agents dibenamine and pnscol 

2 Criteria for protection against ventricular fibrillation were defined so as 
to include prevention of increased ventricular excitability preceding fibrillation 
as well as prevention of fibnllation 

3 Coronary dilating agents afford no protection 

4 Procaine affords no practical protection 

5 Qumidme sulfate affords appreciable and consistent piotection 

6 Adrenolytic agents afford complete protection 

7 A pressor response to epinephrine is not necessary for the production of 
this type of ventricular fibrillation 
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After the administration of morphine vomiting occurs regularly in the dog 
and nausea and vomiting occasionally in man. This action of morphine has 
been demonstrated to be central in origin and the result of a preliminary “stim- 
ulating” action on the vomiting center (1). Not so commonly recognized is the 
fact that after depression of the vomiting center has occurred, the assumption 
of an upright position may again precipitate nausea and vomiting. This has 
been observed to occur in the human with 0.3 to 0.5 mgm./kgm. of morphine 
(2). The fact that nausea and vomiting did not occur while in the horizontal 
position but that it could be repeatedly produced in the same individual on 
standing suggested the possibility that these phenomena were of circulatory 
origin. 

Methods. Dogs were anesthetized with sodium barbital 250 mgm./kgm. intraperi- 
toneally. The blood pressure was obtained from the right carotid artery using an optical 
manometer (3) and blood flow to the leg or head was measured with a Gregg-Shipley rotame- 
ter (4) . Chlorazol Fast Pink, 2 cc. of an 8 per cent solution per kgm. was used as the anti- 
coagulant. For controls, simultaneous blood pressures and rate of flow were determined in 
the horizontal position and then the head or legs suddenly raised to an angle of approxi- 
mately 45°. The drug was then given either intra-arterially (i.a.) into the distal arm of 
the flow meter or intravenously (i.v.) into the femoral vein and at varying intervals up to 
two hours blood flow and pressures were obtained in the horizontal position and at a 45° 
angle. In every dog but two, only one drug was used. The use of morphine after codeine, 
(LF 5), and after dilaudid, (LF 8A), were the two exceptions. 

Results. The elevation of either the head or hind legs of the dogs to a 45° 
angle during the control period had no detectable effect on either blood pressure or 
flow. 

Morphine and codeine in the concentrations used when administered i.a. 
produced a marked increase in flow usually followed by a drop in pressure in 
both the head and leg regions. In measurements of head flow for example: 
codeine 0.1 mgm./kgm. increased the flow by 21 cc. and lowered the pressure 
from an average of 181/143 to 178/140 for about a minute and a half. This 
drop in pressure, while small occurred in all dogs receiving codeine. Morphine, 
0.1 mgm./kgm., produced a greater increase in flow and fall in pressure than did 
codeine. The flow increased to a maximum of 27 cc. and the pressure fell to 
143/98 from 190/148. The pressure with both morphine and codeine returned 
to the original level in 2-3 minutes. The flow returned toward normal in about 
the same period of time although in a few dogs the flow remained at a level of 
from 5-10 cc./min. above the control level for varying periods up to an hour. 
The same general response was observed with the leg although the absolute flow 
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of couise was less The blood pressure and flow response to 0 01 mgm /kgm of 
dilaudid is more like codeine The drop in pressure is c\ cn smaller or may not 
occur and the inciease in flow less, the increase avei aging 10 cc and lasting 
about a minute to a minute and a half 

Tables I and II show clearly that with moiplnne, but not with codeine or 
dilaudid, there is a significant diop in flow to eithei the head oi leg region if 




MORPHINE 


\\\\\\\^ 



CODEINE 


mmmmmmmmrn 

A B C 

■MU. 

DILAUDID 

Tig 1 A, Controi, Dog in Horizontal Position B, Heap Tlenated 45° G, Re 
turned to Horizontal 


that part is elevated 45° Dog HF 17 was the sole exception The decrease in 
flow occurs whcthei the moiplnne is grv en i a or i \ Further, once this response 
becomes evident, mci easing the amount of morphine administered does not in 
eicase the drop m flow With dog IIT 11a drop m flow of 13 cc /min occurred 
with 0 1 mgm /kgm and after 0 3 mgm /kgm the decrease in flow was still 13 
cc /mm Typical lesults are shown in fig 1 
Lastly, dog LF 8A aftei recen mg dilaudid w ith no apparent effect of blood flow 
on elevation was given 0 1 mgm /kgm of moiphme, and on being raised 45° 
tlicic was an immediate drop m flow of 19 cc /min The same thing was oh 
served with dog LT 5 who had lecened 1 mgm /kgm of codeine and then 0 1 
mgm /kgm of morphine The blood flow was reduced bj 8 cc /mm 



TABLE I 


Head flow— cc./ min. 


DOG 

DRUG 

DOSE 

I CONTROL 

! 

RAISFD 45° 

HORIZONTAL 



mgm.fhgm. 




IIF S 

Morphine 

0.1 

102 

71 

99 




99 

68 

9S 

HF 9 

Morphine 

0.3 

16 

30 

50 




50 

40 

49 

HF 10 

Morphine 

0.1 

27 

23 

30 

HF 11 

Morphine 

0.1 

57 

44 

GO 



0.1 

64 

‘ 34 

67 



0.1 

60 

47 

67 

HF 17 

Morphine 

0.5 

60 

58 

60 

HF IS 

Morphine 

0.1 

64 

56 

64 



0.1 

72 

56 

73 




90 

86 

94 



0.3 

62 

54 

68 




64 

58 

60 

HF 12 

Codeine 

0.1 

50 

46 

46 




38 

41 

38 

: 


0.1 

64 

60 

67 

IIF 12A 

Codeine 

1 

32 

30 

36 

IIF 15 

Dilaudid 

0.01 

78 

79 

79 



0.01 

82 

SO 

SI 

IIF 16 

Dilaudid 

0.01 

68 

66 

6S 

HF IGA 

Dilaudid 

C.01 

. 69 

70 

70 


TABLE II 
Leg flow — cc./min. 


DOG 

DRUG 

DOSE 

CONTROL 

RAISED 45° 

HORIZONTAL 

i 


nigm./kgm 

i 



LF 3 

Morphine 

0.1 

30 

14 

29 




34 

23 

28 

LF 4 

Morphine 

0.1 

31 

22 

30 




30 

21 

29 

LF 4 A 

Codeine 

1 

35 

34 

36 

LF 5 

Codeine 

1 

24 

22 

25 

i 

Morphine 

0.1 

26 

IS 

24 

i 

LF S 

Dilaudid 

o.m _ i 

59 

56 

61 



.A. 

51 ' 

IV 

'1 

55 




T 



LF SA 

Dilaudid 


62 " 


GO 




6 


74 


Morphine 




72 
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In the majority of dogs there was no effect on blood pressure when the flow 
decreased. A few showed a slight increase or decrease in blood pressure but 
never more than 3-4 mm. Hg. 

Discussion: 

That morphine has an antiemetic effect in dogs has been shown by Leake (5). 
In demonstrating this action, doses between 6 and 10 mgm./kgm. were used while 
the dosage range in these experiments was between 0.1 and 0.5 mgm./kgm. The 
antemetic action of morphine does not occur within the dosage range used here. 

These data suggest that morphine interferes with the vascular compensatory 
mechanism that normally insures an adequate cerebral blood flow during postural 
changes. This inhibition only becomes evident on elevation of the dog and is 
shown by the inability of the circulatory system to compensate for the change in 
position and the result is a reduced flow to the elevated part. With the reduced 
minute volume occurring with morphine and the drop in flow which occurs if the 
head is elevated the anoxia resulting might be sufficient to “stimulate” the 
vomiting center. 

It would be expected, if this is true, that dilaudid and codeine would be less 
likely to produce vomiting because the vasoconstrictor center is not inhibited 
as shown by the ability of the circulatory system to maintain flow to the elevated 
part. 


SUMMART 

1. Elevation of the hind legs or head of a dog to 45° after the administration 
of morphine causes a significant reduction in blood flow to the part raised. 

2. Morphine may produce a partial inhibition of the vasoconstrictor center. 

3. Codeine and dilaudid lack this effect. 

Acknowledgement This investigation was added by a grant from the Bilhuber- 
Knoll corporation. 
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Certain inherent disadvantages are common to all of those few barbiturates 
(Evipal, thiopental, Thioethamyi, ICemithal) which are detoxified with sufficient 
rapidity to make them useful for intravenous administration as anesthetic agents. 
Outstanding among these disadvantages are: (a) detoxication mechanisms be- 
come saturated if anesthesia is prolonged, so that these agents soon cease to 
retain their short acting characteristics and cumulative effects are noted; (b) 
certain reflexes, notably those having to do ■with the larynx, persist and are 
troublesome even in deep anesthesia; (c) respiration is very often seriously de- 
pressed; (d) these compounds, as is common to all barbiturates, lack the capacity 
to bloek specifically the central thalamic reception of painful stimuli; (e) it is 
generally believed that these compounds have an adverse effect upon cardiac 
activity. 

The present study (1, 2, 3) is in search of an agent which might possess advan- 
tages over those compounds now in common use, particularly thiopental (Pen- 
tothal). 

After a preliminary survey of several compounds which were made available 
to us by Dr. Bywater of the Parke, Davis and Company Research Laboratories, 
three were selected for further evaluation: sodium 5-allyl-5-(l-methylbuty!)- 
2-thiobarbiturate (Surital), sodium 5-ethyl-5-isoamyl-2-thiobarbiturate (Thio- 
ethamyi), and sodium 5-isopropyl-5-(2-methyl-2-pentenyl)-2-thiobarbiturate 
(B-10). See table I. 

Method. With the exception of thiopental, which was used as the commercial sodium 
salt, these compounds were obtained as the acids and dissolved by neutralization with 
equivalent amounts of sodium hydroxide and buffered with fifty ingm. of sodium carbonate 
per gram of acid. Solutions of these various thiobarbiturates were used in concentrations 
between 0.75 and 5.0 per cent, calculated as acid weight. 

In all experiments, except for the laryngeal spasm studies carried out on cats, the dog 
was used as the experimental animal. Administration in all instances was by vein and 
injection was made at a constant and uniform rate. Careful observations of the signs of 
anesthesia were recorded. The duration of anesthesia was arbitrarily fixed as the time 
from the onset of unconsciousness until the animal was able to stand erect when stimulated. 

In the initial experiments all compounds were administered 3t a dose of 25 mgm./kgm- 
Sodium Thioethamyi was repeated at 50 mgm./kgm. because of its ineffectiveness at the 
lower dose level. Sodium B-10, being more potent, was used at a dose of 12.5 mgm./kgm. 


1 Supported by a grant from Parke, Davis and Company, Detroit, Michigan. 

- Present address, Department of Medicine, Massachusetts General Hospital, Boston, 
Mass. 

3 Present address, Division of Anesthesiology, Ma 3'0 Clinic, Rochester, Minn. 

322 


PROPERTIES OF CERTAIN BARBITURATES 


323 


After evaluation of the potency at the same dose level, namely 25 mgm /kgm., sodium thio- 
pental and sodium Surital were administered to dogs in their respective ratios of potency, 
namely 1.0 to 1.5. The doses used were 10 mgm /kgm. for Surital and 15 mgm./hgm. for 
thiopental. 

In order to evaluate the cumulative potentialities of these thiobarbiturates, small doses 
of each compound were injected at hourly intervals. Dosage of the several drugs was 
adjusted to produce approximately the same duration of anesthesia with the first injection. 

The effect of three thiobarbiturates, Surital, Thioethamyl, and B-10, upon the laryngeal 
reflex of the cat was determined according to the method of Burstein and Rovenstine (4). 
An attempt to produce laryngeal spasm in the dog by rectal dilatation was unsuccessful. 

Results. Quality of Anesthesia. Thiopental produced a smooth, rapid in- 
duction rarely accompanied by signs of stimulation or excitation. Satisfactory 
surgical anesthesia was produced with doses of 15 to 25 mgm./kgm. Emergence 
was fairly prompt and usually unaccompanied by excitation. 

Surital effected an equally smooth induction, perhaps more rapid and with 
fewer signs of excitation. Doses of 10 to 20 mgm./kgm. resulted in good surgical 


TABLE I 

Thiobarbituric acid deriialives 




R« 

Ri 

II— N— C=0 

Thiopental 

— CHi— CH, 

— CH{CHj)— CHj— CD,— CHi 

l/R. 

Suntal 

-CHr-CH-CH, 


s=c c< 

Thioethamj 1 

— CH* — CHj 

-CHj-CHj-CmCHOi 

1 C’ 

n-N~c=o 

B-10 

— CH(CHj)— CHi 

-CHr-C(CH,)=sCH-CH 5 -CH* 


anesthesia. Emergence was similar to that observed with thiopental but was 
somewhat more rapid. 

With Thioethamyl induction was characterized by more marked and frequent 
stimulation as compared with thiopental and Surital. In addition Thioethamyl 
did not produce satisfactory muscular relaxation and emeigence was slow with 
prolonged drowsiness and muscular weakness. 

B-10 produced an undesirable amount of stimulation during induction although 
the type of anesthesia was quite adequate. Emergence was rapid, but the 
animals frequently showed much stimulation, irritability and excitation which 
often persisted for fifteen to thirty minutes. 

Anesthetic Potency. The essential data concerning the duration of anesthesia 
with a given dose are shown in tables II and III. The approximate ratio of 
potency (thiopental = 1) of the four thiobarbiturates studied is thiopental, 
1.0; Surital, 1.5; Thioethamyl, <0.5; and B-10, >1.5. 

Cumulative Effect. Table IV compares the cumulative effects of the four 
thiobarbiturates. Injections were stopped when one or more dogs in any one 
series showed a duration of anesthesia exceeding sixty minutes. In each series 
every injection produced anesthesia of longer duration than the previous injec- 
tion. Thioethamyl produced the most marked cumulative effect, followed by 
thiopental and lastly by Surital and B-10. Figure 1 depicts graphically the 
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increases of duration of anesthesia over those of the initial injection. A statis- 
tical analysis of the differences in third hour durations (following the fourth 
injection) is shown in table V. 

Laryngeal Spasm. All four thiobarbiturates produced sneezing, hiccoughing, 
and coughing (supposedly characteristic of laryngeal spasm) in cats to much the 
same degree. There does not seem to be any apparent advantage in the use of 
one particular drug, 


TABLE II 

Durations of anesthesia 


DRUG 

CONCEN- 
TRATION OF 
SOL’N 

HOSE (ACID 
WT.) 

NO. OF 
DOGS 

AV. WT. 07 
DOGS 

MEAN 
DURATION 
OF ANES- 
THESIA 

S.E.JM 

l VAIDE 


% ; 

me m.fkgm. 


ten. 




Sod. thiopental 

5.0 

25.0 

22 

8.8 

74.4 

7.1 

10.47 

Sod. Surital 

2.5 

25.0* 

24 

9.8 

132.2 

10.9 

12.12 

Sod. Thioethamyl 

2.5 

25.0 

5 

8.9 

15.4 

4.7 

3.27 

Sod. Thioethamyl 

5.0 

50.0 

5 

10.3 

94.2 

18.9 

4.98 

Sod. B-10 

2.5 

12.5 

8 

11.7 

58.5 

8.1 

7.22 


* Artificial respiration was necessary with a few animals to carry over an initial period 
of apnea. 


TABLE III 

Quality of anesthesia under equivalent doses of thiopental and Surital 


DRUG 

conc. or 
SOL’N 

DOSE 

(ACID 

WT.) 

- 

NO. OF 
DOGS 

AV. DURA- 
TION OF 
CORNEAL 
AREFLEX- 
IA 

AV. DURA- 
TION OF 
ANES- 
THESIA 

... .. | 

COMMENTS 


tO 

tnm.f 

kgm. 


1 

tntn. 

min . 


Sod. thiopental . . . 


15.0 

8 

8.5 

26.0 

Some restlessness on indue- 







tion and emergence 

Sod. Surital 


10.0 

s 

7.3 

26.6 

No stimulation. Emergence 
and induction more rapid. 





II 



The quality and depth of 
anesthesia equal 


Discussion. The quality of anesthesia following intravenous administration 
of Surital in dogs is as satisfactory as that obtained with thiopental. As a 
result of undesirable reactions during induction and emergence Thioethamyl 
and B-10 are much less suitable for intravenous anesthesia than either thiopental 
or Surital. In addition, as will be discussed in subsequent paragraphs, Thio- 
ethamyl requires a larger dose because of its low level of potency and exhibits a 
marked cumulative effect. 

A comparison of potency based on the duration of anesthesia assigning thio- 
pental a value of 1.00 shows Surital with a potency of about 1.5 and Thioethamyl 
<0.5. Kelly, Shideman and Adams (5) observed results which were of the same 
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general order when the blood Ie\ el at the time of return of righting reflexes was 
used as an index of potency, Suntal having a value of 1 39 and Thioethamyl 
0 57 


TABLE IV 

Comparative cumulative action of four thiobarbiturales as measured by increases m 
duration of anesthesia following administration of each compound m 
fixed dosage at hourly intervals 

Increment in duration of anesthesia is expressed as percentage of initial anesthesia time 
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by Kelly el at, (5) the shape and slope of the blood level curves for all three 
drugs is similar indicating that the body detoxifies each compound at the same 
rate irrespective of its absolute potency as an anesthetic. The rate of cumulation 
is undoubtedly a function of the total dose administered, the more potent drugs 
requiring a smaller dose and hence a shorter time for detoxication. In addition, 
there may be degradation products which may either interfere with detoxication 
or possess a depressant action in their own right. Recently Shideman, Kelly 
and Adams (6), using the spectrophotometric method, followed blood levels 



Fig. 1. Cumulative Action of Hourly Injections 
The time values on the abscissa represent the hour on which the injections were admin- 
istered. Doses administered each hour are listed in table IV. 

of thiopental in dogs receiving repeated doses of the drug at short intervals. The 
plasma level at which the righting reflexes returned was higher with each succes- 
sive dose. This would indicate the development of an acute tolerance. How- 
ever it is possible that degradation products, in addition to thiopental, were 
measured by the method and that as more and more breakdown products ac- 
cumulated “apparent” higher values for thiopental were observed. 

In conclusion it may be stated that Surital possesses certain advantages over 
some of the other more common intravenous anesthetic agents. It exhibits 
high potency, rapid induction and emergence with a few signs of stimulation, 
and produces satisfactory muscular relaxation. Respiratory depression is no 
greater than that observed with thiopental when both are given in equivalent 
anesthetic doses (3). The lower doses necessary with Surital should place less 
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strain upon detoxication mechanisms, allow for shorter post-operative sleeping 
time, and reduce the cumulative effect. Finally Surital shows low cardiac 
toxicity (3). 


summary 

The anesthetic properties of four thiobarbiturates, thiopental, Surital, Thio- 
ethamyl, and B-10, were compared in dogs. The quality of anesthesia was most 
satisfactory with Surital and thiopental. The ratio of potency, based upon the 
duration of anesthesia and using thiopental as a standard of 1.0, was Surital 1.5, 
Thioethamyl, <0.5 and B-10, >1.5. 

Surital exhibited considerably less cumulative effect than either thiopental 
or Thioethamyl and possesses other characteristics noted above which indicate it 
to be worthy of clinical trial. B-10 showed cumulative action of much the same 
degree as Surital but because of undesirable side-reactions was not considered to 
be a good intravenous anesthetic agent for the dog. 

Based upon these observations, and the assumption that all thiobarbiturates 
are detoxified in a similar manner, it seems clear that further work should center 
on a search for a more potent agent in order to permit a greater duration of 
anesthesia without serious cumulative effects. 
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CARDIOVASCULAR TOXICITY OF THIOBARBITURATES: COMPAR- 
ISON OF THIOPENTAL AND 5-ALLYL-5-(l-METHYLBUTYL)-2- 
THIOBARBITURATE (SURITAL) IN DOGS 1 * * 

L. A. WOODS, J. B. WYNGAARDEN, 5 B. RENNICK, and M. H. SEEVERS 
Department of Pharmacology, University of Michigan, Ann Arbor 

Received for publication November 10, 194S 

Evidence and opinion is divided as to the primary cause of death from thio- 
barbiturates. It is well established, of course, that both thiobarbiturates and 
their oxygen analogues can produce respiratory failure. Certain investigators 
believe that thiopental (Pentothal) and other similar derivatives possess a pri- 
mary cardiotoxic action sufficient to cause death. This belief is predicated upon 
evidence obtained from the dog as follows: (a) additive toxic effects with digitalis 
(1); (b) sudden fall in arterial pressure and appearance of ectopic beats (2); 
(c) conduction disturbances with cardiac arrythmia (3). Other investigators 
have been unable to establish a primary cardiotoxic action of thiobarbiturates. 
For example, Kohn and Lederer (4) found that thiopental did not produce pri- 
mary cardiac death or ventricular fibrillation in the dog. They attributed all 
deaths to respiratory failure. Betlach, working rath dogs (5), and Volpitto and 
Marangoni (6) in humans, found no significant changes in the electrocardiograms 
under thiopental anesthesia. 

In view of the contradictory nature of previous studies, the experiments 
described herein (7) were designed to obtain if possible a definitive answer to this 
question by determining the direct cardiovascular toxicity of two thiobarbitu- 
rates by (a) means of the Starling heart-lung preparation, (b) comparison of lethal 
doses and types of death in animals spontaneously respiring with others respired 
artificially in order to control the factor of anoxia. 

A. Heart-Lung Preparation. Tea experiments were performed using the Krayer-Mendez 
(8) modification of the Patterson-Starling heart-lung preparation, with the exception that 
the venous inflow pump and coronary artery cannula were not used. Also the Stolnikow 
stromuhr was employed instead of the Weese variety. The cardiac output and arterial 
resistance were adjusted at the outset to give a standard work value for all experiments. 

Both thiopental and Suritnl were employed as the sodium salts in one per cent solution 
(acid weight). All injections were made into the superior vena cava. In a given experi- 
ment two and one-half cc. (25 mgm.) of the given tbiobarbiturate were injected every fifteen 
minutes until failure ensued. Also, for purposes of direct comparison in the same prepara- 
tion, in most experiments one (1) injection of the alternate thiobarbiturate was substituted 
for one of the drug being principally studied. 

Continuous measurements of right auricular pressure, arterial pressure, and heart volume 
were recorded on the kymograph drum. Periodic measurements of the cardiac output (left 
ventricular output minus the coronary artery flow), and heart rate were recorded. 

Increased right auricular pressure and decreased cardiac reserve were used as criteria 
of heart failure. _ 

1 Supported by a grant from Parke, Davis and Company, Detroit, Michigan. 

! Present address: Department of Medicine, Massachusetts General Hospital. 
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B. Intact Animal Experiments. Twelve experiments were carried out in dogs to evaluate 
the response of the cardiovascular system to thiopental and Surital. In all preparations 
arterial pressure was recorded from the carotid artery, and the trachea was cannulated to 
facilitate respiration. Injections were made into the femoral vein. Electrocardiographic 
records were obtained in several experiments. The animals nere anesthetized using a 
minimum amount of the particular thiobarbiturate to be studied. 

Six of the twelve animals were Btudied under spontaneous respiration and in these ab- 
dominal and thoracic pneumographic tracings were recorded. The other Bix dogs were 
respired artifically with positive intratracheal insufflation. 

Thiopental and Surital were used as the sodium Balts both with intermittent injection 
at regular intervals and also continuous intravenous infusion. The drugs were used in 
amounts inversely proportional to their anesthetic potency (9), i.e., 1.5 times as much 
thiopental, by weight or concentration, as Surital. 

Results. A. Direct Cardiac Effect. (I) Acute rise in right auricular pressure. 
One of the actions of these drugs measurable in the heart-lung preparation is the 
rise in right auricular pressure immediately following the injection of the drug 
into the superior vena cava. This increase in pressure extends over a period of a 
few seconds to a few minutes. The right auricular pressure, following the 
acute rise, dropped but usually did not reach the pressure level before the injec- 
tion. Occasionally with Surital, a fall below the initial level followed the acute 
rise in pressure. In one instance there resulted only a drop in auricular pressure. 
One injection of the alternate drug, Surital, was carried out in the five experi- 
ments of the thiopental series and one injection of the alternate drug, thiopental, 
was made in each of two of the experiments of the Surital series. For each series 
there is plotted in figure 1 the average acute right auricular pressure rise in mm. 
against the number of inj ections. The alternate drug is represented by a separate 
point. It was thus possible to compare responses of the same heart-lung prepara- 
tion to each drug. Whether one injection of Surital is given in a series of thio- 
pental injections or thiopental is given in a series of Surital injections, the acute 
right auricular pressure rise produced by Surital is less than that produced by 
thiopental, and occasionally Surital produced a fall in pressure on its first few 
injections. 

(2) Decreased cardiac reserve. The normal heart-lung preparation responds to 
increased cardiac load (elevation of the venous blood reservoir) with increased 
cardiac output with the result that there occurs only a slight increase in right 
auricular pressure. The term cardiac reserve is frequently given to the capacity 
of the heart described above. Thus decreased cardiac reserve is measurable by 
recording the greater increase in right auricular pressure in response to elevation 
of the venous blood reservoir. 

Right auricular pressure responses to increased cardiac load were analyzed in 
the following manner: 

Index of cardiac reserve (ICR) 

— El evat i° n °f reservoir (mm.) — Rt. auric, pressure rise (mm.) ^ 

Elevation of reservoir (mm.) 
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The theoretical 100 per cent cardiac reserve would be present only if the elevation 
of the venous blood reservoir produced no rise of the right auricular pressure. 
Since such a rise always occurs, the control ICR was equated to 100 per cent reserve 
lor that particular preparation, and subsequently determined ICR values were 



Points on the curves represent average immediate right auricular pressure responses to 
injections of the respective drug. The open triangles represent responses to substituted 
injections of Surital in the pentothal series. The open circle represents the responses to 
substituted injections of pentothal in the Surital series. The figures in parentheses repre- 
sent the number of substituted injections whose average gave the point plotted, -the 
points not thus marked represent one determination. 

compared with this value in per cent of the initial control ICR figure. Thus, 
the per cent reserve equals (Determined ICR - 5 - Control ICR) X 100. The 
theoretical number of injections (see table I) required to produce 50 per cent 
cardiac reserve in each heart-lung preparation was determined from figure 2, A and 
B. From the number of injections the weight in mgm. of the drug required to 
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TABLE I 


Comparison of cardiotoxicities* of thiopental and surital in heart dung preparation 




NO. or INJ. 

(25 UCU EA ) 
REQUIRED TO 
TBODUCE 50% 
REDUCTION OE 
CARDIAC 
RESERVE 

WEIGHT or 
VENTRICLES 
(UNCOS R ) 

DOSE AT 50% 


‘value or: 

PS DC 

ENTER. 

NO. 

REDUCTION IN 

ucu /crau or 

VENTRICLE 

MEAN DOSE 
=bS:E m 

Mean 

Difference 
of means 




grams 





Surital 

I 

5.61 

81.0 

1.73 





II 

10.55 

S7.0 

3.03 





III 

4.30 

61.0 

1.76 

1.85 ±0.31 

5.97 



IV 

4.52 

76.5 

1.48 





V 

4.90 

95.2 

1.29 



1.11 

Pentothal ' 

I : 

5.60 

S3. 9 

1.67 




II 

6.05 

81.0 

1.86 





III 

3.30 

87.0 

0.94 

1.47 ±0.16 

9.19 



IV 

4.60 

85.8 

1.34 





V 

4.00 

66.1 

1.53 





* As determined by right auricular pressure rises with successive injections. 



NUMBER OF INJECTION 

Fig. 2. Rates of Impairment of Cardiac Reserve of Hearts under Surital and Thio- 
pental, on Basis of Right Auricular Pressure Increase 
Each HLP response is plotted: in Figure 2A. the five HLPs given Sodium Thiopental, 
and in Figure 2B, the five HI T> “ ~’v — — v— •:* 1 m »-- i*--* * * 


might be obtained. 
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Those animals which were maintained under artificial respiration tolerated 
one and one-half to three and one-half times the amount of either Surital or 
thiopental that was tolerated without artificial respiration. 

Discussion. Based upon observations in the heart-lung preparation Surital 
is perhaps less toxic, but certainly no more toxic in the absolute sense, than 
thiopental. This is in spite of the greater anesthetic potency of Surital, requiring 
only about two-thirds as much in quantity to produce a similar level of anesthesia. 
The ability of these two thiobarbiturates to produce cardiac failure is not 
markedly greater than with the oxygen analogues (11). Pentobarbital produces 
heart failure in the identical type heart-lung preparation in dosages comparable 
to those described herein. 

It is of major interest to know whether death of the intact animal under 
thiobarbiturate is respiratory (anoxic) or cardiac (direct toxicity). From the 
accompanying tables and description of results it can be concluded that the 
animal under artificial respiration is capable of tolerating much larger amounts 
of the thiobarbiturates than under spontaneous respiration. Also the course of 
death is somewhat different. With spontaneous respiration there are frequent 
arrhythmias, and finally there results respiratory arrest followed by a sudden 
drop in blood pressure and cessation of heart beat. Under artificial respiration 
after a long period of normal pressure, the blood pressure slowly declines until 
shock levels are reached and death soon ensues. Abnormal electrocardiographic 
changes rarely occur except as a terminal event. This slow decrease in blood 
pressure may be due either to a peripheral vascular collapse resulting from direct 
drug toxicity or paralysis of the medullary vasomotor centers. Perhaps the 
former is the more important. 

It is apparent, therefore, that respiratory failure is the primary cause of death 
in the intact dog. Most, if not all, of the cardiac abnormalities are due to a 
progressive anoxia resulting from inadequate respiratory exchange and may be 
avoided by insuring adequate oxygenation of the animal tissues. It is question- 
able whether direct cardiac toxicity plays any role whatever in intravenous human 
anesthesia with the thiobarbiturates. 

SUMMARY 

1. In the heart-lung preparation the thiobarbiturates, thiopental and Surital, 
exhibit only a moderate degree of cardiac toxicity which is no greater than that 
produced by the corresponding oxygen analogue. On an equal dose basis, Surital 
is perhaps less toxic, but definitely not more toxic, than thiopental. 

2. In the intact dog, anoxia secondary to respiratory failure plays the pre- 
dominant role in death from thiopental or Surital anesthesia. Abnormalities of 
cardiac rhythm appear to take origin on the basis of inadequate oxygenation. 

3. Peripheral vascular failure, of anoxic or toxic origin, may be a contributory 
cause of death. 
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Mixtures of penicillin -with vasoconstrictors such as epinephrine (Fisk and 
coworkers (1), Fisken et al. (2), Ercoli el al. (3) and Schachter (4)) have been used 
experimentally and clinically in order to obtain delayed absorption as indicated 
by prolonged blood levels. 

It is not a rare occurrence in the field of chemotherapy and pharmacology 
that the characteristic effects of biologically active agents disappear if the con- 
stituents are combined in one molecule as a chemical entity even though their 
mixture shows the expected activity. For that reason, it appeared desirable to 
study the properties of an i-ephedrine salt of penicillin G which was recently 
prepared by Dr. M. W. Goldberg and Mr. S. Teitel in the Roche Chemical 
Laboratories. 

The 1-ephedrine salt of penicillin G (Tersavin) is a new penicillin derivative 
which combines crystalline penicillin G and 1-ephedrine. Tersavin, which has 
the empirical formula: C16H18O4N2S-C10H15ON, is a crystalline white powder 
with a melting range of 135-137°C. (decomp.). The specific optical rotation 
[q:]d C ° in a 2.4 per cent aqueous solution is +190°. The substance is highly 
soluble in water (60 per cent at room temperature) and a 1.5 per cent aqueous 
solution has a pH of 6.2. The calculated unitage per 1 mgm. is 1187 units; this 
was confirmed by assay. Therefore, the potency of 1.4 mgm. of Tersavin corres- 
ponds to that of 1 mgm. of crystalline sodium penicillin G. 

The present paper consists of the results of the toxicological, pharmacological 
and chemotherapeutic work carried out with this compound. 


Pakt I. Pharmacological Properties of Tersavin 

Tersavin and ephedrine HC1 have been studied for their comparative toxicity, 
circulatory effects and bronchodilator action. 

Toxicity. The toxicity values for Tersavin and ephedrine HCI were deter- 
mined in mice, rats and rabbits by various routes of administration. The LD 6 o 
toxicity values and their standard errors were calculated by a graphic method 
(5). Since the molecular weight of Tersavin (499.6) is 2.48 times that of ephe- 
drine HCI (201.7), the data are given in terms of mgm./kgm. and miilimols/kgm.; 
the latter shows the true relative toxicities. The data in table 1 indicate that 
Tersavin is only slightly more toxic than ephedrine HCI in mice and rats but 
about equally toxic in rabbits. The toxicity of Tersavin may, therefore, be 
ascribed to its ephedrine content. 

1 Tersavin — T. M. — Reg. U. S. Pat. Off. 
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Circulatory Effects The relative blood pressure effects of Tersavin and ephe- 
drine HC1 were each measured in 8 dog 5 ? and 4 cats The animals were anes- 
thetized with dial-urethane, the drugs ■were administered intravenously and the 
blood pressure recorded with a mercury manometer The animals were at- 
ropinized (1 mgm /kgm ) and responses to a series of graded doses of epinephrine 
were measured A dose of Teisavm or ephedrinc HCI was given and from the 
response in mm Hg the relative potency in terms of epinephrine was estimated 
A dose of Tersavin was followed by an equimolar dose of ephedune HCI, and 
vice \ersa, in order to obsen e the tachyphylactic effects Typical records from 
2 dogs are shown in figure 1 This illustrates that the vasoconstrictor poten- 
cies of Tersavin and ephedrme HCI are identical on a molecular basis and 
each compound produces tachyphylaxis to the other Although there is wide 
\anation m sensitivity of animals to both Teisa\in and ephedrme HCI as well 
as to epmeplmne, the ephedrme salts are approximately 1/200 as strong as 
epinephrine in dogs and 1/100 as strong in cats 


TABLE 1 

1 oxinty of Tcrsaun and ephedrme HCI 


SPECIES 

HODTE 

EWEDMVE HCI ] 

LDio rfc S E 

TEHSWIN 

LDw ±5E 



mgm /kgm 

m mol f kgm 

mgm /kgm 

m mol/kgm 

Mice 

1 P 

340 ±51 

1 69 ± 25 

C30 ±69 

1 2G * 14 

Mice 

1 \ 

95 ±19 

47 ± 09 

175 ±17 

35 ± 03 

Rats 

1 P 

290 ±20 

1 44 ± 10 

6S0 ±SS 

1 36 ± 18 

Rats 

s c 

1150 

5 82 

2400 

4 80 

Rabbits 

1 V 

65 

32 

175 

35 


Bronchodilalor Action The relative potency of Tersavin and ephedrme HCI 
as bronchodilatois in comparison with epinephrine was measured on the isolated 
tracheal smooth muscle of guinea pigs by the method of Castillo and de Beer (6) 
A chain of isolated tracheal rings, attached to a light leier, was suspended in 
Hastings Van Dyke solution, aerated -with 95 per cent 0 2 : 5 per cent C0 2 and 
kymographic tracings of the changes in tone were recoided The response to 
graded doses of epinephrine was obtained and a dose of Tersavin or ephedrme 
HCI was then added 

Trom the degiee of lelaxation, the potency of the ephedrme salts were esti- 
mated m terms of epinephrine Since ephedrme salts could be w ashed out only 
with great difficulty, successrv e doses of the compound usually had less effect 
than the first so that giaded responses could not be obtained Figuic 2 illus- 
tiates the bronchodilator action of Tersavm and ephedrme on different prepar- 
ations From 6 experiments with each compound an average potency of 1/500 
of epinephrine was found The effects of Tersavm weie indistinguishable from 
those of equimolar concentrations of ephednne HCI 
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Part II Chemotherapeutic Properties of Ter savin 

Materials and methods Penicillins The sodium salt of crystalline penicillin G (1667 
umts/mgm ) and the 1 cphcdrmc salt w ere obtained from the Roche Chemical Laboratories 
Strains of Test Organisms The origin of the strains used in this mvestig ition have been 
described in previous publications by Schnitzcr c( al (7) The following bacterial strains 
were used 

(1) In vitro experiments 

0 hemolytic streptococci (Group A) 

Strcpt 4, type 3 
Strept C203, tj pc 3 



Fig 2 Action on Guinea Pig's Tracheae Rings 
A Epinephrine, 10 * gm /cc = 0 055 micromolar 
Epinephrine, 2 X 10 -8 gm /cc = 0 11 micromolar 
Tersavin, 10 s gm /cc =20 micromolar 
B Epinephrine, 10 8 gm /cc = 0 055 micromolar 
Epinephrine 2 X 10 8 gm /cc = 0 11 micromolar 
Ephednne HG1 4 X 10 * gm /cc = 20 nneromolai 
A and B are records from different pi eparations Time m minutes 

Strcpt B — from an abscess of the foot 
Strcpt OS — source unknown 
Staphylococcus aureus 
Staph 209 
Staph L 

Staph 13 — from nose culture 
Staph 49 — from tonsillar culture 
Pneumococci 
Pn 6301, Type I 
Pn 6302, type II 
Pn 6303, type III 




{• 
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/' i, for, i i, i icimeus 

-Mi , > >ii n nose culture 
<-111111 r t uni lion’s ear culture 
Uri/mu 'i' it ih ' 'h typhoid group 

I Kill f 

) f , ,!i lit Mm Leod strain 
l i \ ]>1, , I 

f t\ pho- i l’> i 

,s m hot i m i< "< u JO 
(J In i v t/ i/pinn ' tilt 

ii hi riitih/Ur in ptocorci (Group A) 

Mr, i >t t U pi i 
<Mript H 
P'll 1,11,01-0, , 

I'ii l) >01 , I v pc 1 

X p i ror/o h \ 

Born li > \»ui 

7 a hnit/t i of tin in i ilro 7 iih Serial dilutions of sodium penicillin G and Tersavin were 
made in tie s, mi luiihelit medium of Adams and Roe (8) in the case of streptococci and 
pneumoMw 1 1 uni in papain digest bacto-bcef broth in the case of all other organisms 
Thi tulx - \u r, mum dutch inoculated with one drop of the culture dilution (strcpto 
, of 1 1 - uridibit- <1 pntumoi oeri —undiluted; pseudomonas — 10~ s ; coli-typhoid group— KT 1 ) 
from i l ( < pipr Mi The test tube racks were then shaken, placed in an incubatorat 37'C. 
i rid it id i ft i r 24 hours 

/, /mi; n i f tin hi i no 7 1 s/s Eighteen-twenty gram mice, taken from one breeding 

i 'out win n-i ,1 in ill the < \periments. 

J w - 1 ' iii i ifittions with streptococci and pneumococci, (a) Streptococci, Mice 
mi inn i 1 i i ini rUontallv with 0.5 cc. of a 10~ s dilution of a 22-hour serum broth cul- 
turi o> -Mii mu is hr mol\ itcus # 4 (Group A, type 3). This dose corresponds to 1000 
UUJ 

The i i v, i i i i i -till of variations of our standard total dose of penicillin, 500 units/ 
kgm to ii _i 1 _n 1 1 sstallinc penicillin G), as described by Soo-Hoo and Schnitzer (3) 
i hr (on, p ii pi- i f n in 2 treatments, one immediately following infection and the 

i t her -t h iiit 1 

(b' I’m nm ,c ii Mim were injected intraperitoneally with 0.3 cc. of a 22-bour serum 
’ 10 th ruhuri i[ mmoi'iK us 6301 (type I). This dose represents about 1000 MLBoG' c 

- 1 1 am 

Thi treatm'ii' h u is dr scribed by Kelly and Schnitzer (10) was used. It consistedto 
' hi. mjei turn of a i >1 1 of 1500 units/kgm. (0.9 mgm./kgm. crystalline penicillin G) an * ^ 
umis kgm (1 8 mum kgm ciystalline penicillin G) in 2 treatments. The first dose mi 

giien immediately uim infection while the second was given 4 hours later. 

lhe animals in bo, 1 , the streptococcal and pneumococcal experiments were obscric 
■ t week period Ml mue that died during this time were autopsied and cultures o 
Ik irt blood were madi _ ^ 

Systemic inful urn with Borrelia Novyi. The compounds were evaluated bj 
i"< desenbed bv Buck, Farr and Schnitzer (11). It consisted of the treatmen ^ 
fullx developed borrelia infection m mice with a single standard dose of penicillin u • 

umts/kgm (15 0 mgm kgm crystalline penicillin G). The number of spirochete 

tieldh of the darkfield microscope was counted before the treatment and 3 and ° 
the treatment. From these counts, the reduction in the number of parasites in ' 
was determined ^ 

(3) Bocal infection The technique of the local infection and its treatment 1 
previously desenbed by us (12). 
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(a) Local therapeutic experiments Two tenths cc of a 1 10* dilution of a 22 hour serum 
broth culture of 0 hemolytic streptococcus B were injected into the ventral subcutaneous 
tissue of mice The animals were treated immediately, by subcutaneous injection into the 
infected area, with 1 0 cc of a solution of the penicillin saltB ranging from 2 5 to 20 umts/cc 
(0 0015-0 012 mgm /cc crystalline penicillin G) At the end of 22-24 hours the animals 
were autopsied and cultures from the infected and treated areas were made on blood agar 
plates Animals from which cultures showed less than 10 colonies are listed as success- 
fully treated in the tables 

(b) Local prophylactic experiments One cc of a solution of the penicillin salt$ contain 
mg 250 or 500 umts/cc (0 15 or 0 3 mgm /cc crystalline penicillin G) was injected into the 
ventral subcutaneous tissue of mice At specified intervals of 15 minutes, 30 numites, 1 
hour and 2 hours after injection of the penicillin salts, 0 2 cc of a 1 5 dilution of a 22 hour 

TABLE 2 


Comparative bacteriostatic activity of Tcrsavm and penicillin G m vitro 


OXCANISU 

| BACTERIOSTATIC CONCENTRATION 

| Tersavin 

j Penicillin G 


units /cc 

mgm /cc 

umts/cc 

Pigm /cc 

Streptococcus 4 

0 0195 

0 000016 

0 0195 

0 000012 

Streptococcus C 203 

0 0195 

0 000016 

0 009S 

o 000000 

Streptococcus B 

0 0195 

0 000016 

0 0098 

o 000006 

Streptococcus 9S 

2 5 

0 0021 

2 5 

0 0015 

Stnphylococcus 209 

0 0195 

0 000016 

0 0195 

0 000012 

Staphylococcus L 

>10 0 

>0 00S4 

>10 0 

>0 000 

Staphylococcus 13 

0 039 

0 000033 

0 039 

0 000023 

Staphylococcus 49 

0 625 

0 00053 

0 625 

0 00037 

Pneumococcus 6301 

0 0195 

0 000016 

0 0195 

0 000012 

Pneumococcus 6302 

0 0195 

0 000016 

0 0098 

0 000006 

Pneumococcus 6303 

0 0195 

0 000016 

0 0195 

0 000012 

Pseudomonas 35 

>100 0 

>0 0S4 

>100 0 

>0 00 

Pseudomonas 45 

>100 0 

>0 0S4 

>100 0 

>0 00 

E coli J 

25 0 

0 021 

12 5 

0 0075 

E coh 119 

50 0 

0 042 

25 0 

0 015 

E typhosa F 

25 0 

0 021 

12 5 

0 0075 

E typhosa P 5S A 

12 5 

0 01 

6 25 

0 0037 

S schottmuellen 10 

50 0 

0 042 

25 0 

0 015 


serum broth culture of Streptococcus B were injected subcutaneously into the treated area 
At the end of 22-24 hours, the mice were autopsied and the area of infection or infection and 
treatment, respectively, w as swabbed Cultures from these sw abs w ere then made on blood 
agar plates 

In both types of experiments, it was unnecessary to use blood agar plates into which a 
penicillin inhibitor was incorporated for making cultures from the animals, since we had 
found that all the penicillin had disappeared much earlier (12) and there was no danger of 
carrying over enough penicillin to cause any bacteriostatic activity 


* A dilution of 1 10 w as used in the local therapeutic experiments, since it was found that 
at the time these experiments were run, a dilution 1 10 gave the same response as had a 
dilution of 1 5 
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Experimental . Chemotherapeutic Activity in vitro. Eighteen strains of 
gram positive and gram negative bacteria were tested, by the dilution method, 
for their sensitivity to Tersavin and crystalline penicillin G. As table 2 shows, 
representative organisms of the group of penicillin sensitive and penicillin insensi- 
tive organisms were selected for these tests. One naturally resistant organism 
was included among the penicillin sensitive strains of staphylococci. It is evi- 
dent that the bacteriostatic activity of Tersavin is identical with that of penicillin 
G. All differences are not greater than one dilution step and this difference is 

TABLE 3 


Activity of Tersavin and penicillin G in the systemic streptococcus 4 infection of mice 


TOTAL DOSE 




CDso dfc S.E. 

CDSO ± S.E. 

units fkgm . 

mgm./kem. 


Per cent 

units fkgm. 

mgm./kgm. 

Tersavin 






1000 

0.84 

29 

100 



500 

0.42 

30 

88.3 

220 ±53* 

0.185 ±0.045 

250 

Penicillin G 

0.21 

30 

58.3 

' 

i 



1000 

0.0 

30 

98.4 



500 

0.3 

30 

85.0 

308 ±52 

0.185 ±0.031 

250 

0.15 

30 

35.0 



Controls 

— 

30 

0 




* According to the method described by De Beer (4) . 


TABLE 4 


Activity of Tersavin and penicillin G in the type I pneumococcus infection of mice 


TOTAL DOSE 

TOTAL DOSE 

NO. OP MICE 

SURVIVORS 

CDso ± EX. 

CDw rb S.E. 

mits/k[m. 

.rasggi 


per cent 

units/kgm. 

mgm./kgm. 

Tersavin 






3000 


10 

mm 



1500 


20 


1300 ±312 

1.07 ±0.26 

Penicillin G 

t 

1 


i 

i 



3000 

1.8 

10 

100 

• 


1500 

, 0.9 

1 20 

t 45 

1515 ±288 

0.91 ±0.17 

Controls 

_ 

30 

0 

— 

— 


not significant since any dilution test is only accurate to plus or minus one 
dilution. 

Systemic Activity in vivo. (1) Anti-streptococcal activity. The results of the 
experiments in the streptococcal infection are given in table 3. The total dosage 
is based on 2 treatments given on the day of the infection at 4-hour intervals. 
It is evident that the effect of Tersavin is identical with that of penicillin G, the 
differences in the unitage of the GD S o being insignificant. 

(2) Anti-pneumococcal activity. The comparison of Tersavin and penicillin 
G in the pneumococcal infection, as given in table 4, shows that the standard 
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dose of 3000 units/hgm prex ented the death of all infected mice when it was 
given m the form of the sodium salt (1 8 mgm /kgm ) or in the form of Tersavm 
(2 52 mgm /kgm ) The effect of half this dose was also about the same with 
both drugs and the CD 6 o on the basis of umtage exhibited, therefore, no sig- 
nificant difference The lower content of crystalline penicillin G made, of course, 
the CDso by weight appear slightly better 

(3) Anti-borrelia activity If tested by the rapid assay method with Borrelia 
Novyi (11), the activity of Tersavm was umt for unit the same as that of penicil- 
lin G (table 5) On a weight basis, about 30 per cent more Tersavm was required, 
which corresponds to the lower penicillin content of this salt 

If the activity of Tersavm was evaluated m a therapeutic experiment, that is 
by repeated treatment of a manifest blood infection, the effect was also identical 
with that of penicillin G In this type of experiment, the mice received 8 sub- 
cutaneous treatments, 4 per day at 2 hour intervals, of 25,000 or 50,000 units/ 
kgm (15 or 30 mgm crystalline penicillin G/kgm or 21 or 42 mgm Tersavm/ 

TABLE 5 

Rapid assay of Tersavm and penicillin G m the Borrelia novyi infection of mice 


Initial count 46S ±42 parasites/100 microscopic fields Single subcutaneous treatment 


COUTOCND 

DOSE 

DOSE 

no or 

TESTS 

reduction or parasites 

RATIO 

13/120 

1 3* 

t 20 


umtt/kgm 

mgm /kgm 


fer cent 

per cent 


Tersavm 

25,000 

21 0 

2 

99 3 

93 2 

1 OS 

Penicillin G 

25,000 

15 0 

3 

99 5 

92 3 

1 07 

Controls 

— 

— 

3 

65 incr 1 

500 incr 

— 


* t 3 = count after 3 hours, t 20 = count after 20 hours 
b incr — % increase of spirochetal count 


kgm ) of the penicillin salts to a total of 200,000 or 400,000 umts/kgm respec- 
tively, (120 or 240 mgm crystalline penicillin G/kgm or 168 or 336 mgm Ter 
savin/kgm ) beginning 1 day after the mtrapentoneal injection of 400,000 to 
500,000 parasites of Borrelia Novyi The mice treated with the h.gher dose of 
the penicillin salts stayed free of relapses for a period of 3 weeks SLxty per cent 
of the mice treated with the lower dose relapsed 10-14 days after the termination 
of therapy 

It did not seem surprising that the activity of Tersavm was not significantly 
different from that of penicillin G in the treatment of generalized infections 
We have found in acute infections of mice that penicillin preparations showing 
a slow rate of absorption, induced by different vehicles or by the use of penicillin 
derivatives of lower solubility m water, exert the same activity as the water 
soluble salts of penicillin G A similar conclusion can also be drawn from results 
observed by Hobby (13, 14) The anti pneumococcal and anti streptococcal 
activity of procaine penicillin of low solubility which was administered m 1 dose 
was about the same as that of penicillin G administered in 3 doses It would 
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seem, therefore, that in the control of the acute fatal coccal infections of mice 
sufficient penicillin is released even if the absorption has been delayed by one 
means or another. 

It might seem appropriate to point out that the reduction of the penicillin 
administration to not more than 2 treatments has been practiced in this labora- 
tory for a long time. It is based on the early experience that in an experimental 
infection of mice the subdivision into small multiple doses does not offer an 
advantage over 1 to 2 larger doses. Similar observations have recently been 
published by Marshall (15), Zubrod (16), White el al. (17) and Gibson (18). 

Blood level determinations in rabbits. Albino rabbits, weighing 2-3 kgm., were in- 
jected with 150,000 units (90 mgm. G; 126.4 mgm. Tersavin) dissolved in saline. Four 
animals were included in each group and the blood level was determined at the end of 1, 3, 
5, 7 and 16 hours. At the 24-hour interval only 2 animals were used for each compound. 

The bacteriostatic activity of the serum was determined in a dilution test with a (3-hcmo- 
lytic streptococcus (Strain #4) as the test organism. In the semi-synthetic media of 
Adams and Roe, used for the experiments, this strain was inhibited by 0.005-0.01 units 
(0.000003-0.000006 mgm.) penicillin G. 

In all instances where 0.4 cc. serum or more was used in order to show growth inhibition 
of the organism, parallel experiments were carried out in tubes containing penicillinase. 
This was done in order to show that the bacteriostatic activity of the serum was actually 
due to penicillin. 

The bacteriostatic concentrations of the serum after administration of penicillin 
G followed the familiar pattern. Expressed in penicillin units per cc., a peak of 
bacteriostatic activity was observed after 1 hour (average value: 38.4 units/cc.). 
This value dropped considerably after 3 hours when only 0.3 units/cc. were 
found. Only 1 animal out of 4 showed a value of 0.05 units/cc. after 5 hours. 
At later intervals no activity of the serum was observed. 

The 1-ephedrine salt of penicillin G (Tersavin), tested under the same condi- 
tions as above, gave similar but not identical results. The average peak con- 
centration after 1 hour was found to be 51.2 units/cc. After 3 hours the average 
concentration was 18.4 units/cc., and even after 5 hours an average figure of 2.5 
units/cc. was found. No demonstrable blood level was observed after 7 hours 
and at the later intervals. 

It might be mentioned that the comparatively high value for Tersavin at the 
5-hour interval was influenced by the fact that 1 rabbit exhibited a blood level of 
6.4 units/cc. Even if this result were omitted from the data, the average blood 
level would still be 1.2 units/cc. which is considerably higher at this interval than 
that obtained after the administration of penicillin G. 

These observations indicate that the presence of the vasoconstrictor did indeed 
delay the absorption of the ephedrine salt for at least 2 hours. 

Differences, comparable to those observed above, may also be seen if one 
studies the local prophylactic anti-bacterial effect of penicillin salts. Even slight 
delays in absoiption, such as may be induced by suspensions, have an influence 
which can be determined by the fate of a topical infection at the site of previous 
drug administration. 

Topical activity in vivo. As described earlier in this paper, the technique 
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consisted in the subcutaneous infection of mice with /3-hemolytic streptococci at a 
site where they had been treated previously with penicillin G or Tersavin. . The 
mice were sacrificed at the end of 22-24 hours and cultures, from the treated and 
infected areas, were made on blood agar plates. The plates were read after 24- 
hours incubation. 

If an interval of 15 or 30 minutes was kept between the prophylactic treat- 
ment and the infection, no significant difference was seen at the two doses in the 
percentage of mice successfully treated (table 6). After a 1-hour interval, 
differences became apparent and the number of mice in which the tissues were 
successfully treated was markedly higher after the administration of Tersavin 
than in the case of penicillin G. No significant difference was observed if 2 
hours were allowed to elapse even though the percentage of successfully treated 
mice due to Tersavin treatment was slightly higher. 

TABLE 6 


Local prophylactic activity of Tersavin and penicillin G at various time intervals 


coiirorrND 

EMITS 
PER CC. 

UGU. 
TER CC- 

I TER CENT MCE StJCCESSrolXY TREATED 

15 min.* 

30 min. 

1 hr. 

2 hrs. , 

Controls 

Tersavin 

500 


86f 

82 

57 1 

22 ! 

0 

Penicillin G 

500 


73 

59 

23} 

0 

0 

Tersavin 

250 

.21 

68 

64 

G8§ 

22 

0 

Penicillin G 

250 

.15 

50 

64 

275 

17 

0 


* Time of infection after treatment. 

t The figures represent the results obtained with 10-30 mice for a group. Mice were 
considered successfully treated if the subculture on a blood agar plate showed less than 
10 colonies. 

} Significant figures because p «=» 0.05. 

§ Significant figures because p = 0.01. 

These observations seem to indicate that there is a definite tendency to pro- 
longed prophylactic activity on the part of Tersavin. 

If the technique of these experiments was changed so that the infection 
preceded the treatment which was administered shortly afterward, the mice 
were found to be successfully treated on the administration of 10-20 units 
penicillin G or Tersavin. This dose has been found, in many previous experi- 
ments, to be the normal dose for successful treatment of the animals. In a few 
instances where penicillin was more active, Tersavin was also more active. 

Discussion. From the work presented in the experimental parts of this paper, 
the conclusion may be drawn that the 1-ephedrine salt of penicillin G, Tersavin, 
exerted the specific activity of ephedrine as well as the characteristic antibac- 
terial properties of penicillin G. There does not seem to be either an antagonism 
or a synergism between the components since the systemic activity of 1-ephedrine 
penicillin did not seem to be significantly increased by the vasoconstrictor. 
Two modifications might, however, be attributed to the presence of the vaso- 
constrictor. One is an influence on the blood level which is prolonged and higher 
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with Tersavin than in the case of penicillin G; the other is an extended prophylac- 
tic topical effect in an experimental local streptococcal infection. 

We feel, therefore, that 1-ephedrine penicillin, Tersavin, offers the advantages 
of both the antibacterial properties of penicillin G and the vasoconstrictory effect 
of epliedrine by the administration of a single chemically defined compound. 3 

SUMMARY 

Experimental data are submitted which show that the 1-ephedrine salt of 
penicillin G, Tersavin, exerts quantitatively the anti-bacterial effect of penicillin 
G and the vasoconstrictory properties of 1-ephedrine. 
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Although new anti-malarial agents are coming into widespread use, quinine 
will probably continue to be used, especially when intravenous use is indicated 
in severe falciparum malaria with coma or other cerebral symptoms (1). How- 
ever, intravenous injection of the alkaloid might be hazardous, especially in pre- 
existing circulatory depression. Since this matter has not been previously ex- 
plored, it was decided to obtain evidence on the toxicity of the alkaloid, and on 
the value of certain antagonists for its circulatory depression, in hemorrhage, 
asphyxia, hyperthermia, and shock. This paper presents the results obtained. 

Methods. The same general methods were followed as in a previous report (2), In 
addition to comparisons of the depressor effect of single doses (10 mgm./kgm.) of quinine 
in 0.9 per cent sodium chloride solution injected in 2 minutes, and the same dose of quinine 
mixed with an antagonistic agent, it was thought desirable that the most promising agent, 
epinephrine, should also be studied for possible antagonism to the fatal dose of quinine. 
For this purpose, the fatal dose of quinine hydrochloride was determined by continuous 
injection of a 1 per cent solution in normal saline solution at the rate of 2 mgm./kgm. per 
minute. This was then compared with the fatal dose of quinine when mixed with epi- 
nephrine in the ratio of 0.004 mgm. to 2 ragm. of quinine. 

Both rabbits and cats were used. Anesthesia was produced with pentobarbital sodium, 
35 mgm./kgm. being used intraperitoneally in cats, and intravenously, in rabbits. The 
various abnormal states were produced os follows: hemorrhagic shock by bleeding animals 
from the right femoral artery (blood pressures: 50-60 mm. Hg, rabbits and 70-SO mm. Hg, 
catB); moderate asphyxia with cyanosis and no change in blood pressure by allowing the 
animal to breathe through a 4-foot length of I inch rubber tubing, or by clamping partially 
the trachea; severe asphyxia with variable though moderate blood pressure changes by using 
a 6-foot tube; shock with hemorrhage by opening the abdomen and gently manipulating 
and tugging on the mesenteries and viscera (blood pressures: 50-60 mm. Hg, rabbits and 
90-100 mm. Hg, cats) . For hyperthermia the body temperature of the anesthetized animals 
was raised to 41°-42°C. by tying the animal supine on an electrically heated pad. Although 
small numbers of animals were used in each state, due to non-availability, differences in 
effects were significant in most cases. 

Small Doses of Quinine and Antagonists in Various Abnormal States (table 1). 
Epinephrine (0.015 mgm./kgm.) was the only drug which consistently antagon- 
ized the blood pressure lowering effect of quinine (10 mgm./kgm.) and increased 
recovery of blood pressure in the various abnormal states studied. After hemor- 
rhage in rabbits, epinephrine decreased the blood pressure fall from a control of 

1 Supported, in part, by a grant from the Therapeutic Research Committee of the Count’*' 
on Pharmacy ahd Chemistry of the American Medical Association. 
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hemorrhage in cats. In moderate or severe asphyxia in either cats or rabbits, 
epinephrine was not effective as an antagonistic agent. In non-hemorrhagic 
shock the median fatal dose for quinine alone, in rabbits, was 90 mgm./kgm.; 
in cats, 71 mgm./kgm. After epinephrine was added to the quinine, the median 
fatal dose was 208 mgm./kgm. in rabbits, 99 mgm./kgm. in cats. In hyper- 
thermia, the median fatal dose for quinine was 50 mgm./kgm. in rabbits, and 56 
mgm./kgm. in cats. Addition of epinephrine raised the median fatal dose of 
quinine to 150 mgm./kgm. in rabbits, 130 mgm./kgm. in cats. 

Discussion. In the various abnormal states studied, namely, non-hemor- 
rhagic shock, hemorrhage, asphyxia, and hyperthermia, the toxicity and depressor 
effect of quinine were almost uniformly increased. Any of these conditions 
might be found in clinical malaria, either as a result of the disease process itself, 
or of injury, or other diseases. High fever, of course, is almost always present 
in severe malaria, and this was found to increase the toxicity of quinine. Epineph- 
rine, however, was quite effective in raising the fatal dose, and in antagonizing 
the depressor effect of quinine, thus suggesting its use in clinical malaria with 
high fever when quinine must be given intravenously, and assuming a similar 
antagonism. 

Partial asphyxia in malaria might easily result from the decreased oxygen 
carrying capacity of the blood due to the clumping or sludging of red blood 
cells, or to concomitant pneumonia, or other disease process. While moderate 
asphyxia seemed to have little effect on the fatal dosage in animals, in severe 
asphyxia the toxicity of the drug was greatly increased. The lack of a beneficial 
effect from epinephrine suggests that clinically asphyxia or cyanosis should be 
treated first by oxygen inhalation before giving quinine intravenously. 

Shock or hemorrhage, occurring as a result of injury or operation may 
accompany malaria, and both of these conditions increased the sensitivity of 
animals to quinine. In these conditions, epinephrine added to the quinine was 
effective in rabbits, but not so effective in cats. 

CONCLUSIONS 

1. The sensitivity of cats and rabbits to quinine was found to be greatly 
creased in non-hemorrhagic shock, after hemorrhage, in severe asphyxia, audio 
hyperthermia. In moderate asphyxia, the fatal dosage of quinine was no 
significantly different from that in normal animals. 

2. Epinephrine given with quinine at the rate of 0.004 mgm. for each 2 mg® 
of quinine was effective in increasing the fatal dosage of quinine in rabbits su 
jected to marked hemorrhage, non-hemorrhagic shock, and hyperthermia, W 
not to asphyxia. In cats, epinephrine was effective against quinine in lm®' ?: ' 
rhage and hyperthermia. 

3. Of the 3 antagonists compared in rabbits, namely, epinephrine, neosya- 
ephrine, and calcium chloride, epinephrine was the only one which consist© ) 
mitigated the blood pressure lowering effect of quinine given intravenously* 

oses of 10 mgm./kgm. in hemorrhagic shock, non-hemorrhagic shock, hyP 
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Although new anti-malarial agents are coming into widespread use, quinine 
will probably continue to be used, especially when intravenous use is indicated 
in severe falciparum malaria with coma or other cerebral symptoms (1). How- 
ever, intravenous injection of the alkaloid might be hazardous, especially in pre- 
existing circulatory depression. Since this matter has not been previously ex- 
plored, it was decided to obtain evidence on the toxicity of the alkaloid, and on 
the value of certain antagonists for its circulatory depression, in hemorrhage, 
asphyxia, hyperthermia, and shock. This paper presents the results obtained. 

Methods. The same general methods were followed as in a previous report (2). In 
addition to comparisons of the depressor effect of single doses (10 mgm./kgm.) of quinine 
in 0.9 per cent sodium chloride solution injected in 2 minutes, and the same dose of quinine 
mixed with an antagonistic agent, it was thought desirable that the most promising agent, 
epinephrine, should also be studied for possible antagonism to the fatal dose of quinine. 
For this purpose, the fatal dose of quinine hydrochloride was determined by continuous 
injection of a 1 per cent solution in normal saline solution at the rate of 2 mgm./kgm. per 
minute. This was then compared with the fatal dose of quinine when mixed with epi- 
nephrine in the ratio of 0.004 mgm. to 2 mgm. of quinine. 

Both rabbits and cats were used. Anesthesia was produced with pentobarbital sodium, 
35 mgm./kgm. being used intraperitoncally in cats, and intravenously, in rabbits. The 
various abnormal states were produced as follows : hemorrhagic shock by bleeding animals 
from the right femoral artery (blood pressures: 50-60 mm. Hg, rabbits and 70-SO mm. Hg, 
cats); moderate asphyxia with cyanosis and no change in blood pressure by allowing the 
animal to breathe through a 4-foot length of i inch rubber tubing, or by clamping partially 
the trachea; severe asphyxia with variable though moderato blood pressure changes by using 
a 6-foot tube; Bhock with hemorrhage by opening the abdomen and gently manipulating 
and tugging on the mesenteries and viscera (blood pressures: 50-60 mm. Hg, rabbits and 
90-100 mm. Hg, cats). For hyperthermia the body temperature of the anesthetized animals 
was raised to 41 o -42 0 C. by tying tho animal supine on an electrically heated pad . Although 
small numbers of animals were used in each state, due to non-availability, differences in 
effects were significant in most cases. 

Small Doses of Quinine and Antagonists in Various Abnormal States (table 1). 
Epinephrine (0.015 mgm./kgm.) was the only drug which consistently antagon- 
ized the blood pressure lowering effect of quinine (10 mgm./kgm.) and increased 
recovery of blood pressure in the various abnormal states studied. After hemor- 
rhage in rabbits, epinephrine decreased the blood pressure fall from a control of 

1 Supported, in part, by a grant from the Therapeutic Research Committee of the Council 
on Pharmacy ahd Chemistry of the American Medical Association. 
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49 per cent for quinine alone, to 16 per cent. In non-hemorrhagic shock in 
rabbits, quinine produced a fall of blood pressure of 39 per cent, but with epineph- 
rine added the fall was only 14 per cent. In partial asphyxia in rabbits, 
addition of epinephrine changed the blood pressure fall of quinine from 33 per 
cent to 15 per cent, and in hyperthermia, epinephrine decreased the quinine fall 
from 52 per cent to 22 per cent. Recovery of blood pressure was benefitted by 

TABLE l 


Small doses of quinine and quinine with antagonists in various abnormal stales 



RABBITS 

CATS 

DRUGS* 

1 

No. 

Trials 

Aver, fall 
of blood 
pressure 

Aver, 
recovery t 
of blood 
pressure 

No. 

Trials j 

Aver, fall 
of blood 
pressure 

Aver, 
recovery^ 
of blood 
pressure 


Hemorrhage 


Quinine 

8 

29 1 

per cent ' 

49 ( 9-73 )t 

per cent 

86 

3 

11 

per cent 

26 (12-41 )f 

per cent 

86 

Quinine plus epineph- 
rine ! 

3 

16 j 


100 

3 

11 1 

25 ( 0-53) 

100 


Non-hemorrhagic shock 


Quinine 

9 

48 

39 ( 8-69) 

89 

2 

9 

17(12-27) 

91 

Quinine plus epineph- 
rine 

4 

27 

14 ( 0-60) 

100 

2 

9 

8( 0-30) 

95 


Partial asphyxia 


Quinine, 

Quinine plus epineph- 
rine 

13 

6 I 

38 

17 1 

33 ( 4-69) 

15 ( 0-37) 

88 

99 

i 

3 

3 

15 

15 

27(15-49) 

18 ( 0-33) 

89 

95 

Hyperthermia 

Quinine 

8 

23 

52(21-83) 

69 

2 

6 

28(21-35) 

83 

Quinine plus epineph- 


' 







rine 

2 

7 

22 ( 6-38) 

96 

2 

6 

17 ( 6-28) 

98 


* Drugs (quinine 10 mgm./kgm., epinephrine 0.015 mgm./kgm.) were injected intra- 
venously in 2 minutes, 
t Range in parentheses. 

f Compared with pre-injection level in mm. Hg. 

epinephrine in each case. In cats, epinephrine was somewhat effective as an 
antagonist to quinine in non-hemorrhagic shock, asphyxia, and hyperthermia, 
but not after hemorrhage. 

Neosynephrine (0.05 mgm./kgm.) and calcium chloride (10 mgm./kgm.) were 
also tried as antagonists to the blood pressure lowering effect of quinine, but were 
not significantly effective. 

Fatal Doses of Quinine and Epinephrine in Normal and Abnormal Slates (table 
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2). In normal anesthetized rabbits and cats, the median fatal doses were 208 
mgm./kgm. and 88 mgm./kgm., respectively. Addition of epinephrine raised 
the median fatal dosage of quinine in rabbits to 292 mgm./kgm.; in cats, to 12S 


TABLE' 2 

Fatal dosage of quinine and epinephrine in normal and abnormal slates 


DRUG 

I Rabbits 

CATS 

Range* 

Median 

Change 
(+ increase) 
(—decrease) 

Range* 

Median 

Change 
{+ increase) 
(—decrease; 

Controls 


mgm /kgm. 

mgm./kgm. ■. 

per cent j 

mgm./kgm. 

mgm./kgm. j 

per cent 

Quinine 

191-218 

20S 

i 

80-102 

ss 


Quinine plus epinephrinef. . . .1 

2SS-334 

292 

+40 

12S-140 

128 j 

+45 


Hemorrhage 


Quinine 

67-110 

76 


64- 86 

69 ! 


Quinine plus epinephrinef. • • • 

118-178 

14G ’ 

+92 

4G-12S 

119 ; 

+72 

Quinine after human plasma. . 

55-230 

128 

+68 




Quinine plus epinephrinef nf- 







ter human plasma 

60-133 

104 

+37 




Quinine after 6% acacia ! 

67-234 

100 

+32 





Moderate asphyxia 



150-206 

185 





Quinine plus epinephrinef. . . . 

104-136 

120 

-36 ; 

88-128 = 

92 

-10 

Severe asphyxia 


7- 72 

23 


33- 5S ' 

38 


Quinine plus epinephrinef. . . . 

32- 72 

62 

+170 

50- 70 

66 

+74 

Non-hemorrhagic shock 


72-1S0 

90 


22-110 

71 


Quinine plus epinephrinef. . . . 

202-212 ! 

20S 

+131 

80-136 

99 

+39 

Hyperthermia 


28- 52 

50 


52- 94 

66 


Quinine plus epinephrinef. . . . 

114-166 

160 

+200 

124-200 

130 

+132 


* Three rabbits or 3 cats were used for each dosage range. 

f Epinephrine, 0.004 mgm. for each 2.0 mgm. of quinine hydrochloride was injected 
intravenously per kgm. of body weight per minute. 


mgm./kgm. After hemorrhage in rabbits, the median fatal dose for quinine 
alone was 76 mgm./kgm. and this was effectively raised to 146 mgm./kgm. by 
the addition of epinephrine. Epinephrine, however, was not so effective after 
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hemorrhage in cats. In moderate or severe asphyxia in either cats or rabbits, 
epinephrine was not effective as an antagonistic agent. In non-hemorrhagic 
shock the median fatal dose for quinine alone, in rabbits, was 90 mgm./kgm.; 
in cats, 71 mgm./kgm. After epinephrine was added to the quinine, the median 
fatal dose was 208 mgm./kgm. in rabbits, 99 mgm./kgm. in cats. In hyper- 
thermia, the median fatal dose for quinine was 50 mgm./kgm. in rabbits, and 56 
mgm./kgm. in cats. Addition of epinephrine raised the median fatal dose of 
quinine to 150 mgm./kgm. in rabbits, 130 mgm./kgm. in cats. 

Discussion. In the various abnormal states studied, namely, non-hemor- 
rhagic shock, hemorrhage, asphyxia, and hyperthermia, the toxicity and depressor 
effect of quinine were almost uniformly increased. Any of these conditions 
might be found in clinical malaria, either as a result of the disease process itself, 
or of injury, or other diseases. High fever, of course, is almost always present 
in severe malaria, and this was found to increase the toxicity of quinine. Epineph- 
rine, however, was quite effective in raising the fatal dose, and in antagonizing 
the depressor effect of quinine, thus suggesting its use in clinical malaria with 
high fever when quinine must be given intravenously, and assuming a similar 
antagonism. 

Partial asphyxia in malaria might easily result from the decreased oxygen 
carrying capacity of the blood due to the clumping or sludging of red blood 
cells, or to concomitant pneumonia, or other disease process. While moderate 
asphyxia seemed to have little effect on the fatal dosage in animals, in severe 
asphyxia the toxicity of the drug was greatly increased. The lack of a beneficial 
effect from epinephrine suggests that clinically asphyxia or cyanosis should be 
treated first by oxygen inhalation before giving quinine intravenously. 

Shock or hemorrhage, occurring as a result of injury or operation may 
accompany malaria, and both of these conditions increased the sensitivity of 
animals to quinine. In these conditions, epinephrine added to the quinine was 
effective in rabbits, but not so effective in cats. 

CONCLUSIONS 

1. The sensitivity of cats and rabbits to quinine was found to be greatly in- 
creased in non-hemorrhagic shock, after hemorrhage, in severe asphyxia, and in 
hyperthermia. In moderate asphyxia, the fatal dosage of quinine was not 
significantly different from that in normal animals. 

2. Epinephrine given with quinine at the rate of 0.004 mgm. for each 2 mgm. 
of quinine was effective in increasing the fatal dosage of quinine in rabbits sub- 
jected to marked hemorrhage, non-hemorrhagic shock, and hyperthermia, but 
not to asphyxia. In cats, epinephrine was effective against quinine in hemor- 
rhage and hyperthermia. 

3. Of the 3 antagonists compared in rabbits, namely, epinephrine, neosyn- 
ephrine, and calcium chloride, epinephrine was the only one which consistently 
mitigated the blood pressure lowering effect of quinine given intravenously in 
doses of 10 mgm./kgm. in hemorrhagic shock, non-hemorrhagic shock, hyper- 
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thermia, and asphyxia, in agreement with the comparative antagonistic efficiency 
of these drugs for the depressor effect of quinine in normal rabbits. 

4. Assuming similar reactions in man, these experimental results in depressed 
circulatory states, and possibly in hyperthermia, suggest cautious use of quinine 
intravenously in treating malarial patients with similar conditions, and the con- 
current or prompt use of epinephrine intravenously as an antagonist, except in 
asphyxia. 
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The maximum anticonvulsant activity within the series of 5-phenyl-5-alkyl 
barbituric acids was found to be exhibited by the butyl derivative in the study 
of Alles, Ellis, Feigen and Redemann (1). This phenyl butyl barbituric acid 
exerted markedly less hypnotic action than related derivatives having more 
moderate anticonvulsive effectiveness. However, it now appears that the low 
solubility in water of the free phenyl butyl barbituric acid makes oral administra- 
tion of this compound, even in the form of its sodium salt, ODly partially effective 
as compared with its effectiveness when injected intraperitoneally as a solution 
of the sodium salt. After oral administration of the sodium salt into the stomach 
a considerable amount of the salt is converted into the relatively insoluble free 
acid from reaction with the resting hydrochloric acid of the stomach or neutral 
buffering systems of the tissues of the gastrointestinal tract. 

To search for compounds that might have greater water solubility, yet share 
with phenyl butyl barbituric acid its relatively high anticonvulsive effectiveness, 
study was extended to the phenyl unsaturated-alkyl barbituric acids. To value 
relative activities, pairs of corresponding saturated and unsaturated phenyl 
aliphatic barbituric acids were chosen for this study. The saturated alkyl com- 
pounds were selected from among those described in the previous study and the 
allyl compound was obtained from the commercially available hypnotic product. 
The two other unsaturated compounds were synthesized by Dr. C. Ernst Rede- 
mann and Dr. Roland N. Icke in Pasadena, by condensing the properly disub- 
stituted malonic ethyl esters with urea in a sodium methylate solution, then 
purifying the products formed. Identity and purity of the compounds used 
were established by comparing melting point observations with the literature 
data and by analyses as shown in table 1. 

Anticonvulsant Activities. The evaluation of this type of central depressant 
action of the compounds was carried out by methods previously described in 
detail by Alles, Ellis, Feigen and Redemann (1, 2). It involved measuring the 
change produced by the compound on the duration of flow of a 50 milliampere 
current required to cause a tonic convulsion in rabbits. The current was ap- 
plied through two temporal electrodes and was supplied by an Offner electro- 
shock therapy apparatus modified to provide a suitable range of shock durations. 
The compounds were injected intraperitoneally in the form of aqueous solutions 
of the respective sodium salts, and the re-evaluation of the convulsive threshold 
was begun one hour after injection. The control threshold was established for 
each animal as shown in table 2. Each rabbit was tested with each of the group 
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TABLE 1 

Identification and properties of derivatives 


NH— CO— NH 

to-c — do 
/V 




ANALYSIS 



Solubility 
tn H»0 at 
37°C 



% Carbon 

% Hydrogen 

% Nitrogen 

Ri Ri 

Found 

Reported 

Found 

Calcd 

Found 

Calcd 

Found 

Calcd 


Phenyl propyl 

193-4 

193-4* 

_ 

_ 

_ 



11 29 

11 36 

tngm / 100 ce 

32 

Phenyl allyl 

157-8 

154-5 b 

— 

— 

— 

— 

— 

— 

278 

Phenyl butyl 

213-4 

213-4* 

64 52 

64 52 

6 57 

6 25 

10 83 


12-13 

Phenyl crotyl 

208-9 

— 


65 10 

5 58 

5 46 

mg 


32-34 

Phenyl isobutjl 

175-6 

175-6* 

64 60 

64 52 

6 10 

6 25 


10 77 

30 

Phenyl /3 methallyl 

199-200 

203-5* 

65 45 

65 10 

5 46 

5 46 

— 

— 

14-18 


* Alles, Ellis, Feigen and Redemann Tins Journal, 89 356, (1947) 

* Horlein and Rrop U S » 1,056,793, Mar 25,1913 

0 Doran and Shonle*- J Am Chem Soc , 59 1625, (1937) 


TABLE 2 

Comparative anticonvulsant activities of phenyl aliphatic barbituric acids on threshold for 
electrically induced convulsions in rabbits 


coiaoxnm 
Nil— CO— NH 


DOTATION IN S! 


E CURRENT TO CAUSE 


to— c— to 

DOSE 


Animal number 

Mean 

El 

El 

□ 

KB 

KB 

KB 


mil /kgm 









Propyl 

0 1 

Initial 

0 2 

0 1 

0 1 

0 05 

0 2 

0 4 

0 17 



Final 

3 7 

0 9 

0 4 

0 2 

3 7 

3 7 

2 10 

Alljl 

0 1 

Initial 

0 2 

0 2 

0 I 

0 4 

0 2 

0 2 

0 22 



Final 

1 8 

1 8 

1 8* 

1 8* 

3 7 

30 0* 

6 81 

Butyl 

0 1 

Initial 

0 4 

0 4 

0 2 

0 1 

0 2 

0 4 

0 25 



Tinal 

7 5 

3 7 

0 4 

3 7 

30 0 

3 7 

8 17 


0 2 

Initial 

0 2 

— 

_ 





0 1 

0 15 



Final 

30 0 

~ 

— 

— 


30 0 

30 00 

Crotyl 

0 1 

Initial 

0 2 

0 1 

0 2 

0 2 

0 4 

0 2 

0 22 



Final 

30 0 

0 4 

1 8 

3 7 

3 7 

3 7 

7 22 


0 2 

Initial 

0 2 

_ 

_ 

— 



0 2 

0 20 



Tinal 

30 0 

— 

— 

— 

— 

30 0 

30 00 

isoButyl 

0 1 

Initial 

0 2 

0 4 

0 2 

0 1 

0 2 

0 4 

0 25 



Final 

3 7 

0 4 

0 9 

0 9 

0 4 

0 4 

1 12 

p Methallyl 

0 1 

Initial 

0 2 

0 1 

0 1 

0 2 

0 4 

0 2 

0 20 



Final 

3 7 

0 4 

0 4 

0 9 

1 8 

3 7 

1 82 

Control run 



Initial 

0 2 

0 2 

0 1 

0 2 

0 2 

0 2 

0 19 



Final 

0 2 

01 

0 2 

0 4 

0 2 

0 2 

0 27 


* Showed marked drowsiness or deeper hypnotic effects 
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of compounds on different days with at least one week between determinations 
on the same animal. The initial threshold was redetermined each time just 
before administration of a compound. In view of the previous investigation 
of Alles, Ellis, Eeigen and Redemann (1), which showed that the saturated phenyl 
alkyl barbituric acids included in the present study exhibit definite anticonvulsive 
activity at 0.1 millimols per kilogram of body weight, this dosage was chosen 
for the comparison of these compounds with their corresponding unsaturated 
homologs. 

It can be seen from table 2, that the introduction of unsaturation into the 
alkyl group by use of the corresponding alkenyl derivative does not greatly alter 
the anticonvulsant activity from that of the saturated alkyl derivative. In 
accord with this, it is to be particularly noted that comparison of phenyl crotyl 


TABLE 3 

Duration of actions on convulsant thresholds in rabbits of phenyl butyl and phenyl crotyl 
barbituric acids after intrapcritoneal infections of 0.1 millimols /kilogram 


COMPOUND 

INTERVAL 
BETWEEN 
DOSE AND 
START OF 
THRESHOLD 
SHOCKS 

DURATION IN SECONDS OF 50 MILLIAMPERE CURRENT TO CAUSE 

TONIC CONVULSION 


2-0 

Ai 

2-1 

aimal Numl 

2-3 

>er 

2-4 

2-5 

Mean 


hours 








Phenyl butyl 

1 

Initial 

0-4 

0.4 

0.1 


0.1 

0.24 



Pinal 

7-5 

3.7 

.■Illi 

30.0 

3.7 

9.72 


4 

Initial 

0.2 

0.1 



0.2 

0.13 



Final 

fill 

0.4 


0.4 

0.9 

0.71 

Phenyl crotyl 

1 

Initial 


0.1 


0.4 

0.2 

0.22 



Final 


0.4 


3.7 

3.7 

8.30 


4 

Initial 

0.2 

0.4 

0.05 

0.4 

0.1 

0.23 



Final 

0.9 

0.4 

0.05 

0.9 

0.9 

0.63 


barbituric acid with phenyl butyl barbituric acid at the dose of 0.2 millimols 
per kilogram showed the protection against the 50 milliampere current to be 
complete (over 30 seconds) in both instances. 

Because of an apparent shorter duration of hypnotic actions of the alkenyl 
compounds when compared with corresponding alkyl homologs, an attempt was 
made to find how anticonvulsant activities compared when a period longer than 
one hour elapsed before re-evaluating the convulsive threshold. This comparison 
was carried out with only one pair of compounds, namely, phenyl butyl and 
phenyl crotyl barbituric acids. Re-evaluation of the convulsive thresholds was 
made one hour and four hours after injecting the compounds. The data are 
given in table 3, and it may be noted that after four hours the elevation over 
the control threshold is no longer marked, and that the reduction in the convul- 
sive threshold at four hours from that at the one hour level is almost complete 
and is similar for both compounds. 
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Hypnotic Activities and Acute Toxicides. Relative central depressant action 
of the compounds was also investigated in animals by determining hypnotic 
effects in mice. Doses given were further increased to value acute toxicity. 
Hypnosis was considered to be present if the animal was unable to right itself 
within 60 seconds after being placed on its back. Solutions of the sodium salts 
in water were injected intraperitoneally into white mice kept in an environmental 
temperature of 29-30°C. during the period of hypnosis and, routinely, for 24 
hours after the drug injection. Experience has indicated that data obtained at 
different times and on different series of animals is not entirely comparable, so 
the saturated compounds previously reported were reinvestigated as if no earlier 
work had been done. Thus, the entire series of compounds included in this 
study were examined for hypnotic activity and acute toxicity over a period of 
less than two months on mice of the same strain from the same source. Calcula- 
tion of HD-50 and LD-50 has made use of the method of Bliss (3). 

TABLE 4 


Comparative hypnotic and lethal effects of some 6-alkyl- and 6 -alkenyl-6 -phenyl barbitals 



INTBAFEMTONEAL DOSAGE IN MILLniOLS/ECil. 





COMPOUND 










HD -50 ± S . E , 

LD -50 ± S . E . 


0 2 

04 

0.6 

0.8 

1.0 

« 

1.4 

1.6 





-Propyl 

0/0" 

5/0 

9/0 

10/0 

10/1 

10/6 

10/9 

10/10 

.406 ± 

‘.044 

1.170 ± 

.039 

-Allyl 

0/0 

5/0 

7/0 

10/1 

EEul 

10/3 

10/7 

10/9 

.429 ± 

.047 

1.256 ± 

.069 

-Butyl 

0/0 

4/0 

10/0 

10/1 

10/4 

10/6 

10/7 

10/10 

.417 ± 

.035 

1.111 sfc 

.060 

-Crotyl 

0/0 

1/0 

9/0 

9/1 

9/1 

10/3 

10/6 

10/5 

.514 ± 

.054 

1.482 ± 

.159 

-isoButyl 

0/0 

8/0 

10/0 

10/4 



10/10 

10/10 

.340 ± 

.030 

.918 ± 

.048 

-0-Metbylallyl . . 

0/0 

4/0 

10/0 

10/1 

Eg 

m 

10/9 

10/8 

.417 =fc 

.035 

1.217 dr 

.069 


* The numbers represent those among 10 mice tested which lost righting reflexes/which 
died. 


Examination of table 4 shows that the hypnotic activity, and to a greater 
extent, the lethal activity, is decreased by the presence of an unsaturation of the 
aliphatic group. When compared to the propyl, butyl and tsobutyl compounds, 
the corresponding allyl, crotyl and /3-methallyl unsaturated compounds show 
hypnotic activities of 95, 81 and 82 per cent, and lethal activities of 93, 75 and 
76 per cent. This difference in activity is not great, but analysis of variance 
shows the overall trend to be fairly significant with hypnotic P equal 0.10 and 
lethal P equal 0.02. 

Central Depressant Activities in Man. Only those compounds which showed 
in rabbits the most pronounced anticonvulsant activity with a minimum of 
hypnotic activity were examined for some measurable central depressant effects 
in man. The compounds used were phenyl butyl and phenyl crotyl barbituric 
acids for, although phenyl allyl barbituric acid showed similar anticonvulsant 
activity in rabbits, this activity was accompanied by a marked degree of hyp- 
notic activity as well. 

Following the ideas of Siraonsen and Enzer (4, 5), finger tapping rate and criti- 
cal fusion frequency of flicker were used as measures related to the functioning 



356 


GORDON A. ALLES AND CHARLES H. ET.T.TR 


of motor centers and of visual centers, respectively. The finger tapping rate 
was measured with a telegraph key connected to an impulse counter in circuit 
with a one minute fixed-interval automatic reset timer switch. The key was 
stiffened to eliminate tremor or trilling effects. The critical fusion frequency 
was measured with an electronic apparatus of the design of Henry (6) as modified 
by Keighley and Clark (7) which permits controlled variation of frequency of 
flicker of a neon bulb light held at constant intensity. This apparatus permits 




tug: U E0U1S 

Fig. 1. The curves indicate the influence of oral administration of the sodium salts of 
5-phenyl-5-butyl barbituric acid (solid lines) and 5-phenyl-5-crotyl barbituric acid (dotted 
lines) on: A. frequency of tapping, and B. critical fusion frequency of flicker. Each point 
represents the mean of three readings, and is expressed as the percentage of the expected 
mean value by comparison with the regression curve defined by the means of the first two 
and last two determinations. Time is in hours after the oral administration of 350 mgm 
of the barbital as the sodium salt in water solution. For comparison, control run observa- 
tions without medication (broken lines) are included. 

accurate frequency calibration by comparison with standard 60 cycle alternating 
current. 

Direct comparison of the effects in the same person (figure 1) shows that the 
depression of both tapping frequency and critical fusion frequency which results 
from an orally administered 350 mgm. dose of phenyl crotyl barbituric acid in 
the form of its sodium salt, occurs earlier than the depression which results from 
a similar dose of the sodium salt of phenyl butyl barbituric acid. As shown in 
the figure, the duration of depression produced by phenyl crotyl barbituric acid 
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is shorter. Subjectively, the feeling of dizziness and lack of attention produced 
by these compounds is similar, and the maximum of these subjective effects 
coincides with the maximum depression in tapping rate and critical fusion 
frequency. 

The systemic activity of orally administered barbituric acids on their salts 
must be related to their absorption from the gastromtestinal tract, and this 
would appear to be greatly influenced by the relative ease of absorption of the 



rno if rccas 

Fig 2 The curves indicate the influence of oral administration of the free acids of 
r -phenyl 5 butyl barbituric acid (solid lines) and 5-phenyl-5 crotyl barbituric acid (dotted 
lines) on A frequency of tapping, and B. critical fusion frequency of flicker. Same sub- 
ject as in fig 1, and administration of 350 mgm of the barbital as the finelj divided free acid 
In TNater suspension 


free acids and the extent to w hich the compounds are present in this form. Com- 
parison of the depressant effects of phenyl butyl and phenyl crotyl barbituric 
acids when administered in the form of the free acids with the effects which result 
from administration of the respective sodium salts shows the phenyl crotyl com- 
pound to be much superior to that of the phenyl butyl compound. It can be 
seen from figure 2 that phenyl crotyl barbituric acid, when administered as free 
acid, was only somewhat less effective than when administered as a solution of 
its sodium salt Administration of phenyl butyl barbituric acid in the form of 
free acid, however, resulted in only a negligible degree of depressant action 
Anderson, Chen and Leake (8) reported that certain barbiturates produce a 
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reduction in basal metabolic rate. The butyl and crotyl derivatives of interest 
to this study have been compared in this respect following oral administration in 
the form of the sodium salts, and both showed a moderate reduction in the rate 
of oxygen consumption. There were no significant changes in blood pressure, 
pulse rate, or body temperature during this period. Phenyl butyl barbituric 
acid caused a reduction of about 10 per cent in respiratory minute volume after 
90 minutes, while phenyl crotyl barbituric acid caused a reduction of about 16 
per cent after 60 minutes. Whereas both compounds reduced tidal air volume 
to some extent, the respiratory frequency was unchanged after the butyl com- 



0 12 ? 

!D£S IH BOOTS 

Fig. 3. The curves indicate the influence of oral administration of the sodium salts o 
5-phenyl-S-butyI barbituric acid (solid line) and 5-phenyl-5-crotyl barbituric acid (dotted 
line) on oxygen consumption. Oxygen consumption is expressed as the percentage of the 
initial determination. Time is in hours from the administration of 350 mgm. of the barbital 
as the sodium salt in water solution. For comparison, control run observations without 
medication are included. 

pound, but increased about 20 per cent following administration of the crotyl 
compound. 

Discussion. A series of compounds in which the alkyl group of one of the 
5-phenyl-5-alkyl barbituric acids is replaced by a corresponding alkenyl group, 
was studied. In the case of the allyl and crotyl derivatives this replacement 
resulted in a considerable increase in solubility in water of the free barbituric 
acids, which should be of importance with regard to the effective absorption of 
the compound following oral administration. 

It is of interest that, while the hypnotic and toxic activities of the phenyl allyl 
and phenyl crotyl barbituric acids are less than those of the corresponding alkyl 
compounds, the anticonvulsive activities are not markedly different between 
corresponding phenyl alkyl and phenyl alkenyl compounds. The range, there- 
fore, between desirable anticonvulsant effectiveness and undesirable hypnotic 
activity of such compounds for use as anticonvulsive agents is increased by the 
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substitution of the alkenyl group, particularly in the case of phenj I crotyl bar- 
bituric acid While this range has been increased aI«o in the case of phenjl allyl 
barbituric acid, the compound is still hypnotic in the rabbit with the do«es 
required to demonstrate anticonvulsive effectiveness 
The finding of diminished hypnotic action with alkenyl compounds is in accord 
with the observations of Shonle and Waldo (9) within a series of 5 ethyl 5 alkenj 1 
barbituric acids Their study was restricted to compounds contaimng unsatu- 
rated secondary pentyl or hexyl groups, which may serve to account for their 
finding of convulsive properties among the unsaturated compounds studied In 
our studies no convulsions were noted to result from an} of the phenyl alken}l 
compounds used m the dosages which were tried 
As compared with the effects of phenyl butyl barbituric acid, the earlier onset 
and shorter duration of the depressant action that is produced by phen}l crotyl 
barbituric acid on both motor and sensory corte\ functions may be related to 
the greater solubility of the phenyl ciotyl compound, apparently resulting in 
earlier absorption of an effective amount of the compound, and eaiher detoxifica- 
tion or excretion that will tend to shoiten the duration of action That the 
unsaturated compounds exhibit a shorter duration of action is seen not only in 
the depression of motor and sensory cortical function m man, but in the reduction 
of metabolic rate in man, and m the hypnotic response in mice The diffeiences 
are not very great, and can possibly be accounted for b} an increased facility for 
detoxification or excretion which may also be related to the greater water solu- 
bility of the unsaturated compounds 

SUMMARl 

1 Additional eudence, from studies of the comparative central actions of 
phenyl alkenyl barbituric acids, is presented to show that the mechanism which 
raises the convulsant threshold is different from the mechanism producing 
hypnosis 

2 Anticonvulsant activity of the phenyl alkenyl barbituric acids appears to 
be maximal with the four membered straight alkyl chain compound, 5 phenyl- 
5 crotyl barbituric acid 

3 The phenyl crotyl compound is more soluble in water than the correspond- 
ing phenyl butyl compound, and is more effectively absorbed after oral adminis- 
tration, when both are given m the form of their free acids 
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In an earlier report (1) it was shown that chloral hydrate undergoes rapid 
transformations in the dog, a small part being oxidized to trichloroacetic acid 
and the greater part being reduced to triehloroethanol. Evidence was presented 
indicating that the triehloroethanol so produced is responsible, in large part at 
least, for the characteristic depressant effects of chloral hydrate. The object of 
the present investigation was to find the sites at which chloral hydrate undergoes 
these chemical reactions, especially the pharmacologically important reaction of 
reduction. The method of study consisted in measurement of triehloroethanol 
and trichloroacetic acid produced from chloral hydrate by isolated tissue prepa- 
rations in vitro. The study included tissues of the dog and of the rat, investiga- 
tion of the latter species being the more extensive. 

Methods. The animals were allowed free access to food up to the time when they were 
killed for the removal of tissue samples. Liver, kidney, brain, and spleen were used in the 
form of thin slices cut with a razor blade. Whole diaphragms of rats were cut into several 
pieces before use. In the preparation of rat testis the tubules were teased out in the sus- 
pending medium. 

To each gram of the solid tissues was added approximately 4 cc. of a suspending medium 
having the following composition: sodium chloride, 0.125 M; potassium chloride, 0.005 M; 
calcium chloride, 0.003 M; magnesium sulfate, 0.001 ill; sodium phosphate buffer, pH 7.4, 
0.01 M\ glucose, 0.01 ill; chloral hydrate, 0.002 M. In the study of blood, coagulation was 
prevented by the addition of 5 mgm. of potassium oxalate or 0.1 mgm. of heparin per cc. of 
blood. To 9 volumes of whole blood or plasma was added 1 volume of a solution having the 
same composition as that above except that the concentration of chloral hydrate was 0.02 
M. After the addition of the medium containing chloral hydrate, all of the tissues were 
shaken in flasks for 30 min. at 38°C. The gas phase was oxygen. 

At the end of the period of shaking, the contents of the flasks were centrifuged and analy- 
ses for triehloroethanol and trichloroacetic acid performed on the supernatant liquid. In 
the case of whole blood the analyses were performed on the separated plasma. The chem- 
ical methods previously described (1) were used, sometimes with minor modifications that 
permitted the use of smaller samples or the attainment of greater sensitivity. Where values 
of zero are entered in table 1 for triehloroethanol or trichloroacetic acid, the concentrations 
could not have exceeded 3 X 10 -5 moles per 1. 

Results and discussion. As shown in table 1, all of the tissues studied, both 
of the dog and of the rat, are capable, under aerobic conditions, of reducing 
chloral hydrate to triehloroethanol. The reaction even occurs in the blood cells. 1 

1 In the previously reported work on the metabolic fate of chloral hydrate (I), the only 
precaution taken against the conversion of chloral hydrate to triehloroethanol in the blood 
samples in vitro was to centrifuge the blood and separate the plasma within a period not 
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The table indicates considerable differences m the rates at which the various 
tissues produce tnchloroethanol Howexer, on account of the abnormal condi 
tions and the different degrees of cellular injury in the preparations, it is prob- 
ably not justifiable from these data to make any quantitative estimates as to the 

TABLE 1 

Concentrations of tnchloroethanol and trichloroacetic acid appearing in the suspending media 
or plasma after SO mm at S8°C 


The initial concentration of chloral hydrate m the suspending media and in blood was 
200 X 10 s moles per 1 


TISSUE 

ANMAL 

j COVCENTSATTON (HOLES X 1CT* FES L ) 

Tnchloroethanol 

Trichloroacetic 

Acid 



Liver v 


53 

9 

Rat 2 

68 

9 

Ividney s 


62 

4 

Rat 3 

66 

4 

Diaphragm ( 


40 

0 

Rat 4 

36 

0 

Brain (entire) \ 

Rat 2 

Rat 3 

12 

17 

0 

0 

Testis < 

Rat 5 

Rat 6 

68 

61 

0 

0 

Spleen j 

Rat 7 

46 

0 

Rat 8 

63 

0 

Whole blood (heparin) < 

Rat 3 

Rat 7 

19 

25 

0 

0 

Liver 

Dog 1 

47 

4 

Ividney cortex 

Dog I 

52 

6 

Cerebral cortex 

Dog 1 

9 

0 

Whole blood (hepann) j 

Dog 1 

Dog 2 

12 

13 

0 

0 

Whole blood (oxalate) 

Dog 2 

11 

0 

Plasma (heparin) j 

Dog 1 

Dog 2 

0 

0 

0 

0 


proportion of administered chloral hydrate reduced m any particular organ in the 
intact animal Nevertheless, it does appear that no single organ plays an e\clu- 


c\ceedmg half an hour The results of the following experiment make it appear unlikely 
that under the conditions of the previous work anj significant errors could have arisen from 
changes taking place after collection of the blood samples A dog was given an intravenous 
dose of 0 8 millimoles (132 mgm ) per kgm of chloral hj drate An oxalated blood sample 
taken after 6 mm was divided into two parts The first was cooled for 6 min m an ice bath 
and centrifuged immediately thereafter The second was allow ed to stand 30 min at room 
temperature without agitation before centrifugation Anal} ses of the plasmas gave the f ol 
lowing results tnchloroethanol, 59 mgm per 1 m the first and 56 mgm perl in the second, 
chloral hj drate, 152 mgm perl in the first and 142 mgm perl in the second These dif- 
ferences are within the limits of error of the methods and there is no indication that any 
further production of tnchloroethanol occurred tn vitro 
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sive, or even a predominant, role in carrying out the reaction. The widespread 
participation of tissues throughout the body is doubtless responsible for the ra- 
pidity with which the animal can reduce chloral hydrate. 

Since trichloroethanol is produced by the brain cells, it might be expected that 
there would be a period after the administration of chloral hydrate when the 
concentration of trichloroethanol in these cells would not be proportional to that 
in the plasma. This is a factor that might be responsible in part for the observed 
discrepancies between the neurological condition of dogs and the plasma con- 
centration of trichloroethanol soon after the administration of chloral hydrate 
( 1 ). 

It is of interest that the capacity of reducing chloral hydrate is not limited to 
animal cells. Reduction of chloral hydrate by fermenting yeast was demon- 
strated by Lintner and Luers (2), concentrations of trichloroethanol as high as 
2 gm. per 1. being produced. 

In contrast to the reduction reaction, the oxidation of chloral hydrate to tri- 
chloroacetic acid takes place only in certain specific sites. Of those tissues 
studied, only the liver and kidney of the dog and of the rat showed any production 
of trichloroacetic acid. It is of course conceivable that the reaction may also 
occur in tissues other than those investigated. Furthermore, it is conceivable 
that the sites at which chloral hydrate can be oxidized may not be the same in 
all species of animals. 


SUMMARY 

Measurements have been made of the trichloroethanol and trichloroacetic 
acid produced from chloral hydrate in vitro by isolated tissue preparations of the 
dog and of the rat. 

All of the tissues studied were capable under aerobic conditions of reducing 
chloral hydrate to trichloroethanol. 

Oxidation of chloral hydrate to trichloroacetic acid was demonstrated only in 
preparations of liver and kidney of both species. 
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In 1936 Bacq (1, 2) showed that certain polyphenols containing ortho and 
para hydroxyl gioups, such as pyrogallol, which may serve as epinephrine anti- 
oxidants in vivo, sensitize animals to and prolong the effects m vivo of epinephrine 
and sympathetic nerve stimulation, il/da-compounds such as resorcinol and 
phloroglucmol were inactive. Bacq interpreted the results as an inhibition of 
oxidation and prolongation of the action of epinephrine and sympathin at smooth 
muscle receptors. 

Clark and Raventos (3) confirmed the finding of Bacq that pyrogallol pro- 
longs the action in vivo of epinephrine and since then Herman, Vial and Chatonnet 
(4) showed that pyrogallol prolongs the blood pressure responses to epinephrine 
Several investigators have shown sensitization to and prolongation of responses 
in vivo to epinephrine by other epinephrine anti-oxidants such as ascorbic acid 
(5-9) and sodium bisulfite (10). 

Since 1940, Lavollay et al and Parrot el al have proposed that the mechanism 
of action of “vitamin P (vitamin C 2 )”-like compounds, most of which like 
pyrogallol also are polyhydric phenols, is by prolongation in vivo of the action 
of epinephrine, sympathin or one of their metabolic products such as adreno- 
chrome, by retarding their inactivation . This in turn was said to cause decreased 
capillary fragility, capillary fluid filtration (“permeability”) and bleeding time. 
In an extensive series of papers which have been reviewed in several places 
(11-16), they support this hypothesis by experiments designed to demonstrate 
the inliibition of the oxidative destruction in vitro and the potentiation m vivo 
of the effects of epinephrine by “vitamin P’Mike compounds, particularly 
d-epicatechin. 

Whether this interpretation of the biological action of the “vitamin P”-like 
substances is correct or not, remains to be demonstrated. That it may in part 
explain at least some of the pharmacological and physiological effects of fla- 
vonoids has been supported by the observations of Torres (17), Valdecasas and 

1 Published in preliminary form m Fed Proc , 7: 21, 1948 and in Nature, 163: 36, 1949 
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communications, to the Public Health and Welfare Section, Supreme Commander for the 
Allied Powers, and the Takeda Pharmaceutical Industries, Ltd , Japan, for compounds and 
Japanese translations 
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Muset (18-20), Wilson, Mortarotti and De Eds (21) and Fuhrman and Crismon 
(22). Opposed to this interpretation is the work of Merlini (23) and certain 
conflicting reports of Lavollay and Parrot themselves (14, 24-29), concerning 
whether or not flavone derivatives influence the classical effects of epinephrine 
in the intact animal, in contradiction to the chromane derivative, d-epicatechin. 
Certain substances which increase the vasoconstrictor phase of vasomotion of 
the capillary beds, such as epinephrine and adrenochrome, also are known to 
decrease capillary fragility and bleeding time (12-16, 30-34) and if flavonoid 
compounds can perform the function of sensitizing arterioles and pre-capillaries 
to or prolong the effects of epinephrine and sympathin, the mechanism of their 
biological action might be more clearly understood. 

It has been impossible to state, on the basis of results so far published, whether 
the so-called “vitamin P” substances are dietary factors, or whether they act as 
specific drugs which modify the course of various pathological states which have 
been studied. One of the difficulties has been the lack of a reproducible assay 
for estimating "vitamin P deficiency” symptoms and their amelioration. 
“Capillary fragility” measurements are of questionable reliability and meaning, 
according to the recent critical review of Munro el al. (35). 

An examination of the molecular structures of those substances which have 
been reported in the literature to be effective in decreasing capillary fragility, 
points to the possibility that there may be no common, single mechanism of 
action of these substances. 

In order to isolate for detailed study one of the many effects claimed for the 
flavonoid-like substances, an examination has been made of some 70 compounds 
for their ability to increase the magnitude of response to and duration of the 
relaxation of the isolated mammalian intestinal segment by epinephrine. Lavol- 
lay (36), Muset and Valdecasas (18-20), Torres (17), Wilson, Mortarotti and 
De Eds (21) employed similar methods for studying epinephrine potentiation by 
flavonoid compounds but made no systematic study of molecular configuration. 
Lavollay, who has been the only prior investigator to consider the effects of 
variations in molecular structure, has drawn some conclusions concerning struc- 
ture and activity, basing them upon studies of a limited and widely diversified 
group of compounds. His concept of structure and activity is treated in the 
discussion below. Lavollay (11) found a parallelism between the inhibition of 
autoxidation of epinephrine bj r flavonoids in vitro (manometric, colorimetric) 
and as measured by the prolongation of epinephrine response of isolated intestine. 
Hence we also included some spectrophotometric studies of the copper-catalyzed 
autoxidation of epinephrine in vitro. 

Methods. 1. Intestinal Segment Assay of Polcnlialion of Epinephrine Action. The use 
of the intestinal segment for measuring the response to epinephrine and other drugs is one 
of the most common preparations in the pharmacology laboratory but to our knowledge no 
one had described a strictly quantitative dose-response relationship for the isolated mam- 
malian intestinal segment. Since a long time was required to develop our method it was 
thought worthwhile to describe the essential details. 

Segments of rabbit ileum approximately 5 cm. long were removed from 12-hour fasted 
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rabbits sacrificed by the intravenous injection of eserine sulfate (2 mgra per kgm ), which 
seemed to promote more rapid recovery of vigorous, constant rhythmic activity in the sub- 
sequently isolated segments The segments were mounted in smooth muscle chambers of 
S5 cc capacity, in Tyrode’s solution at 3S°C and gassed with 95 per cent Og + 5 per cent 
COi, w hich by its buffering action with the bicarbonate of the Tyrode’s solution maintained 
the pH at 7 2 Under the experimental conditions described, the isolated segments gave 
vigorous, constant rhythmic contractions and drug responses for 6-14 hours 

A stock of Tyrode’s solution (40 to GO 1 ) was made up for each experiment, from the usual 
stock concentrates When freshly made up, the Tyrode’s solution had a pH of 8 or more, 
necessitating gassing before use and during the experiment, in addition to vigorously gas- 
sing each smooth muscle chamber Four intestinal segments were mounted m individual 
chambers, immersed in a water bath at 37°C The Tyrode’s solution passing from the 
reservoir to the chambers was pre warmed 

Early m the w ork it was observed that the addition of copper ion to the Tyrode’s solu- 
tion eliminated a certain lack of reproducibility of the results, presumably because of the 
presence of small but inconstant amounts of copper m the distilled water, the salts used in 
the Tjrode’s solution or the substances being tested Subsequently, it was found that I 
microgram of copper sulfate per cc of Tj rode'a solution was the optimal amount This is 
of interest in the light of the observations of Fnedenwald and Buschke (37), which were 
interpreted as showing that the effect of epinephrine on isolated intestine is conditioned by 
the presence of copper It is important to point out that in the absence of this added 
copper, some of the more active compounds prolong the epinephrine response so much that 
it is impossible to compare their activities 

Kymograph records of the responses were made in the usual waj , using mk writing pen 
points 

The epinephrine was made up as the hydrochloride in distilled water from commercial 
ampules* or from pure powder 4 The amounts of epinephrine (5-10 nncrograms) added 
were adjusted to give a recover} time of 0 5-2 0 minutes (in the absence of inhibitor) The 
test substances w ere added before the addition of epinephrine, as propylene gl> col solutions 
containing 0 1-10 0 mgm /cc , in amounts ranging up to 10 mgm /85 cc chamber, depending 
upon activity, toxicity or solubility The amounts of propjlene glycol used had no effect 
on the preparation or its response to epinephrine in the presence or absence of the test 
drugs Control responses to epinephrine were determined frequently throughout all experi- 
ments, until they were reproducible before the next test sample was added After each 
test, the chambers were w ashed out and after higher concentrations of test substances more 
frequent washings and waits were necessar} before the epinephrine control responses re- 
turned to normal More consistent responses were obtained if tests were made as soon as 
possible after washing, presumably because of the epinephrine stabilizing effects of accu- 
mulated metabolites and mucosal slough (38) 

In addition to flavonoid like compounds, a number of other known anti oxidants such 
as glutathione and ascorbic acid were tested A number of compounds known (37) to en 
hance and prolong the effect of epinephrine on isolated intestine also were included, such 
as 8 h}drox> quinoline and sodium dicth}ldithiocarbamate 

The half recovery times from the relaxation due to epinephrine alone w ere compared 
with those when the test substances were added prior to, and in addition to epinephrine 
The number of times the half recov ery times from epinephrine plus test drug exceeded those 
from epinephrine alone, m the case of all four segments, were averaged and plotted against 
the concentrations of the test drugs 

Rutin (quercetin 3 rhamnoglucoside) was selected as the reference compound of unit 
activity because it w as readil} available in pure form in quantity, and because of its current 


* Parke, Davis, 1 1000 Epinephrine h}drochlonde 
4 Wilson Laboratories, Chicago 
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popularity arising from the rediscovery by Griffith, Couch and Lindauer (39) of Sevin’s 
observation (40) that rutin exerts anti-capillary-fragility action. Several compounds were 
compared with rutin in each experiment and the average prolongation of the half-recovery 
times were plotted on rectangular coordinate or log-log graph paper. Each point on each 
curve of all such assays represented several determinations, since 4 segments were measured 
simultaneously for each compound, and in most cases represented the average of several 
such quadruplicate determinations, as illustrated in the protocol for Exp. 37, table I. 
Under these conditions, the averages gave straight lines diverging from zero on rectangular 
coordinate paper and parallel straight lines on log-log paper. Except for an occasional 
widely disparate value, the results for each substance were reproducible when repeated in 
different experiments, so far as the actual values in "rutin units” were concerned. It was 
found that the prolongation times for all compounds in all experiments could not be aver- 
aged and plotted on a master graph from which the activities could be measured, presum- 
ably because of differences in responses between individual animals. For this reason, the 
responses of the segments to rutin were compared with other test substances in each experi- 
ment, from which the activities were measured. 

2. Spectropliotometric Determination of the Inhibition of Copper-Catalyzed Oxidation of 
Epinephrine. Lavollay (11) first employed this technique for measuring the inhibitory 
effects of “vitamin P”-like substances on the autoxidation of epinephrine. The present 
method is a refinement and extension of his technique. 

One of the first steps in the oxidation of epinephrine is the formation of the red adreno- 
chrome. Pure adrenochrome 5 was found to have an absorption maximum at 465 mji. Rutin 
and many of the other substances tested, had maxima at or below 400. It was found that 
by selecting a band at 525, the red adrenochrome could be determined best in the presence 
of the yellow-colored inhibitors since the least superimposition of absorption occurred at . 
525. Substances with absorption maxima too near that of adrenochrome could not be 
studied (see table III). At 525 m/i adrenochrome obeyed Beer's law fairly well up to con- 
centrations slightly less than 0.01 per cent. 

After considerable study of temperature and pH optima, oxygenation time and rate, 
various buffers, epinephrine concentration and copper ion types and concentrations, it was 
found that epinephrine hydrochloride, 10 mgm. per 100 cc., in 0.1 to 0.2 molar Sffrensen 
phosphate buffer at pH 7.3, was practically 100 per cent oxidized to adrenochrome, without 
melanizing, in the presence of 5 mgm. per cent CuSCh at 37.5°C. with vigorous oxygenation 
for 15 minutes. Oxygenation was critical and a very rapid rate of bubbling was found to 
give best results. Hydrogen peroxide oxidation was not studied. The oxygenation was 
performed by bubbling the gas from a pressure manifold through glass tubes immersed in 
the solution. The tubes were turned up at the ends to ensure free flow of gas. 

The solutions were placed in 20 x 180 mm. test tubes. A total volume of 10 cc. solution 
was used, containing 0.1 to 0.2 molar Sprensen phosphate buffer at pH 7.3, 1.0 mgm. of epi- 
nephrine hydrochloride (in 0.1 cc. aqueous solution unstabilized epinephrine hydrochlor- 
ide) , and 0.5 mgm. of CuSOi. The inhibitors were added as phosphate buffer solutions or in 
warm 10 per cent propylene glycol solution, it having been previously established that the 
amounts of propylene glycol used were in themselves not inhibitory. Everything but the 
epinephrine was added to a tube, which then was allowed to come to the temperature of 
the constant temperature water bath, and the oxygenation was started just before adding 
the epinephrine. Exactly 15 minutes after adding the epinephrine, the tube was read in 
the Coleman spectrophotometer at 525 m/x. , using as a blank the same concentration of in- 
hibitor without epinephrine. Concentrations of inhibitor were varied from 10 mgm. per 
cent up to concentrations giving 100 per cent inhibition, or if less active, to the limits of 
solubility (turbidity). 

The per cent inhibition was obtained by running an epinephrine control without inhibi- 


5 Supplied by Hoffmann-La Roche, Inc. 
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tor, mcl dividing its log transmission into tint foi the tubes containing inhibitor These 
values for per cent inhibition then \uic plotted ag unst conccutr ition of inhibitor, and the 
value giving 50 per cent inhibition was determined from the graphs, as shown m figure 3 
This v alue then was comp irctl with the s ime \ due for lutm in order to express the activi 
ties in rutin units, both on a weight basis, and where the molecular weight was known, on 
a mol equivalent bisis One “rutin unit” (r u ) implies the same activitj as rutin two 
units, twice the activity ind so forth To give some idea of the molecular ratio needed for 
inhibition by the colorimetric method, 10 mgm of rutin completely inhibited the oxidation 
of 1 mgm of epinephrine hvdroelilonde under the experimental conditions employed, this 
is equivalent to 4 mol equivalents of rutin for every mol of epinephrine 

Because of the insolubility of some of the flavonoid compounds m the phosphate buffer, 
many other solvents were tried, including methyl ethyl, n propyl and iso propyl alcohols, 
pyridine, ctlivl acetate, propylene glycol, diethylcne glycol, acetone, diacctm, formamidc 
and dioxane These were mixed with various volumes of different buffers appropriate for 
pH 7 3 All the solvents, except pvndmc, n propyl and iso propyl ilcohol and dioxane, 
inhibited the oxid ition of epinephrine to adrcnochromc 



Fir 1 POTFNTIATIOV 01 EPINt PHRINL ItbSI ONSD OF ISOLATED INTESTINE BY FlAVONOIDS 
hey 5 y A — 5 rmcrogms cpmoph HC1 (0 5 cc I 100,000 aq soln ) Rutin = 1 per 
cent in piopylcnc glycol Goss = gossy petin, 0 1 per cent in propvlenc glycol 
Chamber washed out between each test 

Of the solvents tried, neutral pyridine with or without veronal buffer, proved best 
However, under these circumstances it took much larger amounts of inhibitor (1 per cent) 
to cause 50 per cent inhibition of 0 5 to 2 0 mgm of epinephrine hydrochloride, whereas in 
the original aqueous phosphate buffer (when solubility was not the limiting factor), i con 
ccntration of only 10-25 mgm per 100 cc was necessary 
fit was concluded that solvents other than water arc not suitable for the spcctrophoto 
metric determination of the inhibition by flavonoid compounds of the metal catalyzed oxi 
datum of epinephrine in vitro Hence, the intestinal segment assay w ith its greater sensi 
tivity to epinephrine, remains the assay of choice with compounds of low solubility or with 
those which have absorption maxima too near that of adrcnochromc 

Results As an example of the methods and lesults of the intestinal segment 
assay of epinephrine potentiation, Exp 37 is given in some detail 
Tigure 1 illustrates a kymograph record taken from this experiment, m which 
the response to epinephrine alone and in the piesence of increasing amounts of 
rutin and gossypetin aie shown The half-recovery times m millimeters were 
measured from such records, and tabulated in terms of the numbei of times the 
response to epinephrine alone was potentiated Table I lists the results of these 
individual measurements and their averages, for the 8 compounds tested in 
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TABLE I 

Epinephrine enhancement measurements from kymograph records. Exp. 37, 12/15/47 
4 Gut segments (Xos. in parentheses indicate segment No.). 

Total no. of control epinephrine tests (10 micrograms) = 127. 

Prolongation of half-recovery times over that of Epinephrine alone 

MCU/S5CC, j 0.1 ( 0.15 


Butein 


Quercetin 


2 , ) 3,4-trihydrow- 

chalcone 


Gossypetin 
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Fig 2 Potentiation of Epinephrine Response of Isolated Intestine bt Fla\ onoids 
Graphed from Averages of Table 1 
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TABLE II 

Summary of epinephrine potentiation activities 


ACTIVITY (kUTIN UNITS) 


COMPOUNDS TESTED 

MOL 

WT. 

Gut Assay 

| Colorimetric 

- 1 vTT P” 
ACTIVITY 
. (teou 
TIT.) 

Wt. basis 

Mol. basis 

Wt. 

basis 

Mol. 

basis 

1. GossypetinP 

318 

16.0 

8.5 




2. 3,3', ^-trikydroxvflavone 

270 

15.5 

7.0 




3. Quercetin sulfonic acid’ 

384 

10.5 

6.5+ 




4. 8-hydroxy quinoline 

145 

26.0 

6.0+ 




5. Quercetin’ 

302 

10.0 

5.0+ 



+* 

6. 2',3,4-triliydroxychalcone 

256 

10.5 

4.5 




7. Glutathione 

307 

9.0 

4.5 

1.39 

0.70 


8. Na-diethyldithiocarbamate 

171 

12.5 

3.5 




9. 3',4'-dihydroxyflavone 

254 

8.0 

3.5- 




10. Cysteine-HCl 

158 

11.0 

3.0- 

3.12 

0.80 

+b 

11. Gossypinr 

480 

3.5 

3.0- 




12. GossypitrinP 

480 

3.5 

3.0- 




13. Butein 

272 

6.0 

3.0 




14. Quercetagetin p 

318 

4.0 

2.0 




15. Esculetin 

178 ! 

6.5 

2.0 



+” 

16. Pyrogallol 

126 

8.0 

1.5+ 



+ b 

17. 3,4-dihydroxychalcone 

240 

3.5 

1.5- 




18. 2,3-dithiolpropanol (BAL) 

124 

6.0 

1.0+ 

3.12 

0.63 


19. Cyanin-Cl 

646 

1.0 

1.0 




20. Rutin (unit standard) 

610 

1.0 

1.0 

j 1.0 

1.0 

+* 

21. Leptosin 

462 

1.0 

1.0- 




22. Nordihydroguaiaretic acid 


<1.0 

<1.0 







(toxic) 




23. 3',4'-dihydroxyflavanone 

255 

2.0 

0.5+ 




24. Epimerized d-catechm r ' “ 

290 

1.5- 

0.5+ 



+ d 

25. d-catechin 

290 

1.0 

0.5 



d 

26. i-epicatechinP- ‘ 

290 

1.0 

0.5 



d 

27 . S-hydroxy^ , 4'-dimethoxyflavone 

39S 

1.0 

0.5 




28. Chlorogenic acid 

254 

1.0+ 

0.5 




29 . 2' , 3' , 4' , 3 , 4-pentahydroxy chalcone 

303 

1.0 

0.5 




30. 5-hydroxyflavone 

240 

1.0 

0.5 







(toxic) 




31. Ascorbic acid 

176 

1.5 

0.5 

0.54" 

0.15 

.+< 

32. Xanthorhamnetin’ 

770 

0.5 

0.5- 



+ e 

33. “Citrin” (various, incl. Szent-Gy- 







orgyi)*- 


0. 2-0.7 

? 1 

3. 2-0. 7 

? 

± h 

34. Eriodictyol 

288 

0.5 

Neglig. 



+‘ 

35. 4,4'-dihydroxychalcone 

240 

0.5+ 

Neglig. 




36. Disalicylalethylenediimine 

268 

0.5 

Neglig. 




37 . 3,4,7, 3'4'-pentahydroxy flavanone ‘ 

303 

0.5- 

Neglig. 




38. Hesperetin 1 

202 

0.5- 

Neglig. 



± l 

39. 7,8,3',4'-tetrahydroxyflavanone 

287 

0.5- 

Neglig. 




40. Dihydroesculetin 

180 

0.5- 

Neglig. 




41. Phloretin 


Neglig. 




=fc‘ 

42. Disalicylnl-o-phenylenediimine 


Neglig. 
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TABLE II — Continued 


COMPOUNDS TESTED 

VOL. 

WT 

! *cmm (uutin units) 

' VTt P 
ACTIVITY 
(PROM 
LIT) 

j Gut Assay 

| Colorimetric 

Wt basis 

Mol basis 

basis 

Mol 

basis 

43 

Esculin 


Neglig 


Neglig 


+• 

44 

Rutin acid phthalate 


Neglig 


Neglig 



45 

Rutin acid succinate 


Neglig 


Neglig 



46 

3,4' dihy droxy 4 methoxychal cone-4' 








glucoside' 


Neglig 




+’ 

47 

Na a tocopherol phosphate 


Neglig 




+ m 

48 

2' hy droxy chalcone 


0 

0 




49 

2', 4', 6', 3 4 pentamethoxychalcone 


0 

0 




50 

Hesperidm 1 


0 

0 ! 



+■ 

51 

Hcspcridin acid phthalate 


0 

0 

0 

0 


52 

Ilesperuhn acid succinate 


0 i 

0 

0 

0 


53 

“Methylated hesperidm chalcone" 1 


0 

0 

0 

0 


54 

“Acetylated hesperidm chalcone" 1 


0 

0 

0 

0 


55 

“Hesperidm 3' ethy 1 carbonate' “ 


0 

0 

0 

0 

—0 

56 

Naringm 


0 

0 

0 

0 


57 

o by droxy acetophenone 


0 

0 




5S 

4 methoxy 3 2' 4' 0' tetrahy droxy 








chalcone 4' glucoside r 


0 

0 



+’ 

59 

4' ammochalcone glucoside' 


0 

0 



+' 

60 

3,4' dihy droxy 4 methoxy chalcone 4' 








phosphate (disodium salt) r 


0 

0 



+’ 

61 

Butrin p 


0 

0 




62 

Inositol 



— 

0 

0 


63 

Pomiferin v 



Too insol 



64 

Gossypol acetate 



Too insol 



65 

Catechol 


Accels oxid 

Accels 

oxid 

„b 

CG 

Resorcinol 


— 

— 

Accels 

oxid 


67 

Na bisulfite 


— 

— 

1 78 | 

0 34 


68 

Hydroquinone 


— 

— 

Accels 

oxid 

— b 


Lit refs on “vit P” actmty exclusive of clinical work (sec Bibliography) *40,43,47 
b 44 ° 16, 45 d 12-16 * 40 47, 49 f (+) = 44, (-) = all other work e 40 
“(+)= 42,46,49,51,56,57, (-)= 48, 52,54, 5S > 29,43 1 (+) = 29, 43, (-) = 55 
* (+) « 16, (-) - 55 '46 m 29 ° (+)= 41, 42, 43,49,50, (-)= 40,55 •> 53 

p Prof T R Sesbtdri, Andhra Univ , Maltair, S India « S B Penick Co, N Y 
T Hoffmann LaRoche, Inc , Nutlcy , N J 1 Prof J Lavollny , Paris, France * Calif 
Fruit Growers Exchange, Los Angeles, Calif u Takeda Pharmaceutical Industries, 
Ltd , Osaka, Japan r Prof M L Wolfrom,Umv Ohio, Columbus, Ohio "Synergizes 
rutin approx 3 5X 

Exp 37, including the rutm standard As an illustration of the necessity of 
running repeated epinephrine control responses throughout the experiment, 127 
tests iv i th epinephrine alone were run m this particular experiment 
The averages uere plotted on log-log paper as illustrated m figure 2 It is 
seen that the curves are parallel Of course, as the concentrations become 
smaller, the curves approach an asymptote, and are no longei parallel straight 
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lines. Rectangular coordinate graphs also show straight lines, originating from 
the origin. 

From this graph, by taking either a given concentration or prolongation time, 
the activities relative to rutin as unity were obtained, as illustrated in the figure. 
From some 50 such experiments, performed in a little over a year’s time, and 



Fig. 3. Spectrophotometric Determination of Inhibition op Copper-cataeyzbd 
Auto-oxidation of Epinephrine 


in sevei'al of which the same compounds were re-tested, the average activities in 
terms of rutin units on a weight basis and a mol basis were obtained for 68 com- 
pounds and are listed in table II. The actual values of “rutin units” are given 
to the nearest 0.5 r.u., as it was felt that smaller differences were not significant. 

Figure 3 shows the results of some of the spectrophotometric measurements of 
the inhibition of the copper-catalyzed oxidation of epinephrine in vitro. The 
values in mgm. per cent of the various inhibitors at 50 per cent inhibition are 



TABLE III 


Spectrophotomctnc determination of the inhibition of copper catalyzed auloxidation 
of epinephrine 








COMPOUND TESTED 

MOL 

MCU PEB CENT CAUSING SO PER CENT 

(rutin units) 



WT 


Wt 

Mol 





basis 

basis 

1 

Rutin 11 

610 

25 

1 0 

1 00 

2 

Glutathione 

317 

18 

1 4 

0 70 

3 

Na bisulfite 

104 

14 

1 8 

0 34 

4 

Cysteine HC1 

15S 

8 

3 1 

0 80 

5 

Dithiolpropanol (“BAL”) 

124 

8 

3 1 

0 63 

6 

Ascorbic acid 

176 

46 

0 5 

0 15 

7 

Na rutin acid succinate 4 


350 

0 07 


S 

“Citrm” b 


34 

0 7 


9 

Rutin + ascorbic acid 

Actiiity of combination 3-4 times 

greater than 




either alone 



10 

Na rutin acid phthalate 



0 

0 

11 

Na hespendin acid phthalate 



0 

0 

12 

Methylated hespendin chal 
cone b 



0 

0 

13 

‘ Acetjlated hespendin chal 


Inactive 




cone b 



0 

0 

14 

Esculin® 



0 

0 

15 

Nanngm 



0 

0 

1G 

Inositol 



0 

0 

17 

8 hydroxyquinoline 





IS Disnlicjlal o phenylcnedi 






lmine 





19 

Quercetin* 





20 

Quercitrm 





21 

Gossypetin 4 


Too insoluble 



22 

Gossjpol 





23 

Enodictj ol 





24 

Hespendin 





25 

Esculetm 





2G 

Phoretin 





27 

28 

Resorcinol 

Catechol 


Accelerate oxidation 



29 

Nordihydroguaiaretic acid 





30 

Pyrogallol 





31 

Hydroquinone 





32 

Phloroglucinol 





33 

Pyrogallic acid 





34 

Gallic acid 


Transmission maxima of oxida 



35 

Tannic acid 


tion products too close to 525 



36 

Chalcones active by gut as 


mM to run 




say 





37 

d catechin 





38 

l epicatechin b d 


. 



39 

Epimenzed d catechin* * 






* S B Penick A Co , N Y 

b Calif Fruit Growers Exchange, Los Angeles and several fractions and purifications 
thereof 

0 Mercantile Export A Import Co , N Y 

d Prof T R Seshadn, Andhra Umv , Waltair, S India 

* Prof J Lavollay, Paris, Trance 

1 Hoffman LaRoehe, Inc , Nutle>, N J 


373 




374 


WILLIAM G. CLARK AND T. A. GEISSMAN 


indicated in figure 3. When divided into the value for rutin, the activities in 
terms of “rutin units” are obtained. Table III lists the results of such measure- 
ments for the 39 compounds tested. In addition, table II also lists the results, 
where the method was applicable. 

The results of the gut assay experiments show that the most active compounds 
were gossypetin, quercetin, 2' ,3 ,4-trihydroxychalcone 3 ,3' , 4 '-trihydroxyflavone 
and the well known metal complexers, 8-hydroxyquinoline and sodium-diethyl- 
dithiocarbamate. 

Discussion. The results are in accord with those reported by Lavollay (36) 
who used the intestinal segment assay in a qualitative manner for studying the 
epinephrine-enhancing effects of a few flavonoids, since he reported quercetin > 
luteolin > rutin > morin > quercitrin, and negligible activity for hesperetin 
and naringin. Unfortunately his list of compounds tested was not extensive 
enough to allow him to draw any conclusions regarding the minimum structural 
requirements for highest activity. 

Lavollay and his co-workers claimed a close parallelism between epinephrine 
potentiation by various flavonoids in vitro and in vivo, but as pointed out in the 
introduction of the present paper, there are conflicts in these claims of the French 
investigators (14, 24-29). Moreover, the present work does not show a parallel- 
ism between the spectrophotometric and the intestinal segment assay results. 
For this reason we did not make manometric studies in vitro. 

The French investigators (11-16) also claimed that of the 4 possible isomers 
of catechin, d-epicatechin was active in decreasing capillary fragility, whereas 
the others were not. The present results show no differences between d-catechin, 
Z-epicatechin and epimerized d-catechin (a mixture of the 4 isomers, used by the 
French investigators as their source of d-epicatechin). It is interesting that our 
previous studies (59) also showed similar activity of these isomers as capillary 
bed vasoconstrictors. 

A conspicuous result of the present study is the demonstration that there is no 
parallelism between the reported “vitamin P”-like activity of many of the sub- 
stances studied and their epinephrine potentiation on isolated smooth muscle. 
This throws serious doubt on the epinephrine enhancement theory of the mecha- 
nism of action of “vitamin P”-like substances, and contrasts sharply with the 
conclusion of Torres (17) and others that the isolated intestinal segment is a 
suitable means of measuring “vitamin P” activity. 

An examination of the active substances in the gut assay discloses that all of 
them possess in common one or more structural elements capable of complex 
formation with heavy metals. Moreover, for those pairs of substances possess- 
ing identical chelatogenic groupings the more active in each case is the one which 
would be expected to form the more stable complex. That chelation with copper 
actually takes place with these substances can be shown qualitatively by the 
formation of colored substances (in solution or as insoluble precipitates) when 
copper sulfate is added to their alcoholic solutions. Polarographic studies (60) 
have demonstrated clearly that complexes are formed, as shown by the disap- 
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pearance or diminution of the normal copper wave and the appearance of a new 
wave at a more negative half-wave potential in mixtures containing copper sul- 
fate and a number of the compounds shown to be active in the gut assay. 2'-hy- 
droxychalcone, which contains a potential chelate-forming grouping, is devoid 
of activity in the gut assay and shows no indication of complex formation when 
studied polarographically. Recently, some of the copper-flavonoid complexes 
have been purified and the empirical formulae obtained from their elementary 
analyses were found to coincide with the calculated. 

The greater (5 X) activity of quercetin compared with rutin, and other obser- 
vations, led to the conclusion that in the flavonoid compounds the important 
complex-forming elements were the 3',4'-dihydroxy grouping and the 3-hydroxy- 
4-keto grouping, shown as A and B in the formula for quercetin (I) below: 



I 


The importance of theflavoiie as contrasted with the Jlavanone structure, can be 
ascribed to the stabilization of the complex II by contributions to the resonance 
hybrid from forms such as III (note: the participation of other chelfltogenic 
groupings in further combination with the copper atom is indicated but not 
shown in detail) : 



h m 


From considerations such as these, it was predicted early in the work that 
3 ,3' ,4'-trihydroxyflavonc would form a complex stabilized to a greater degree 
(with respect to the un-complexed compound) than quercetin, since in the latter 
substance resonance stabilization of the un-complexed substance would involve 
not only the 3- and 3' ,4'-hydroxyl groups, but those in the benzo ring as well. 
The results confirmed this prediction, 3 ,3' ,4'-trihydroxyflavone being considered 
more active than quercetin. Similar arguments led to the study of 2',3,4-tri- 
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hydroxychalcone (IV) ; this was found to be more active than butein (V) from 
which it differs only in the absence of a non-chelatogenic hydroxyl group. 


OH OH 



IV V 


These results, along with the occurence of high activity in this test of 8-hy- 
droxyquinoline, support the view that these substances prolong the action of 
epinephrine by protecting it from copper-catalyzed oxidative destruction. This 
concept is not entirely novel, since Lavollay’s early studies led him to a similar 
view, which, however, differed somewhat in detail from that which we are inclined 
to adopt. Lavollay suggested that compounds containing the catechol nucleus 
protected epinephrine from destruction by entering into a complex composed of 
epinephrine + copper + inhibitor, within which the protective substance was 
preferentially oxidized. That this mechanism may still be accepted in certain 
cases is shown by the high activity of gossypetin (VI) and the acceleration of 
epinephrine destruction by catechol (also noted by Lavollay). 


HO OH 



In gossypetin the 5,7,8-trihydroxy grouping represents a readily autoxidizable 
hydroquinone-like structure and may exert a direct anti-oxidant effect in protect- 
ing epinephrine against oxidation. In the cases of most of the other flavonoid 
substances tested, however, it is probable that their protective action results 
from an immobilization of the catalytic copper in the bath fluid. This conclu- 
sion is supported by the wide range of activity of that group of flavones which 
contain the catechol nucleus but which differ in other details, and by the protec- 
tive action of such substances as 8-hydroquinoline and 5-hydroxyflavone, which 
would not be expected to act by the mechanism proposed by Lavollay. 

The wide differences in activity shown by substances having identical clielato- 
genic groupings but differing in solubility characteristics (e.g., such pairs as 
gossypin and quercetin, rutin and xanthorhamnetin) supports this view, since 
in such pairs, the compound which is the more soluble exerts the lesser protective 
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effect on epinephrine This is in accord with what would be expected, a less 
soluble complex being more effective in removing copper from the medium 
The possibdity remains that in some cases compounds which prolong the 
effect of epinephrine on the gut segment may actually penetrate to the tissue 
sites at wluch the epinephrine acts, and may exert an effect by interaction with 
some enzyme system, the normal role of which is to destroy epinephrine That 
the compounds tested can penetrate into the tissue is indicated by the fact that 
many of them are toxic to the gut segment when used in sufficiently high concen 
trations It is our belief, however, that the major part of the effects observed 
occur m the bath fluid 

The results of Bacq and others, \iho found enhancement in mvo of epinephnne 
mediated responses by such substances as catechol and pyrogallol, suggest that 
certain compounds of the kind used in this study might be capable of enhancing 
epinephrine responses in the intact organism by action at tissue sites (see 22) 
It is not possible, on the basis of our results, to regard the effects m vivo observed 
by Bacq, and the gut segment responses studied m this work as being mani- 
festations of a common type of action 

In connection with the theory of Lavollay that “vitamin P”-like compounds 
may enhance and prolong the action of epinephnne and sympathin m mvo, we 
have obserx ed no effect of such substances on the magmtude or duration of the 
response of rabbit intestine to faradic stimulation of the inhibitory mesentenc 
nerve, using the preparation described by Hendricks and Tluenes (61) The 
compounds tested were mtin, l epicatechm, epimenzed d cateckm, 2', 3, 4 tri- 
hydroxychalcone, nscoibic acid, rutin + ascorbic acid, esculetm 4- ascorbic 
acid, sodium diethyldithiocarbamate, and BAL 
In addition, we have observed no effects of vanous “vitamin P” like substances 
intravenously administered, on blood sugar’ levels or upon magmtude or dura- 
tion of epinephnne hyperglycemia in 12 hour fasted, standardized rabbits 
Lastly, we have shown that although epinephnne very effectively prevents 

6 A special blood Bugar method had to be developed to remove “vitamin P” like sub 
stances from the blood, since thej are reducing substances It was found that the ferric 
hydroxide blood precipitation method effectively removed the flavonoids used The 
method was modified from Steiner, Urban and West (62) , using an excess of ferric sulfate and 
barium carbonate Sugars were determined in the protein free filtrates by the ceric sulfate 
method of Miller and Van Sljke (63) The compounds examined were administered intra 
venously m doses from 20 to 100 mgm /kgm alone or simultaneously with epinephnne 
hydrochloride, 0 1-0 25 mgm /kgm subcutaneously, and included rutm, sodium rutin 
acid succinate, xanthorhamnetin, rhamnetm.d catechm, ‘ methylated hesperidm chalcone", 
and quercetin sodium sulfonate Heart puncture blood samples were analyzed at different 
intervals for several hours before and after the injections 

In addition, since the administration of metallic salts, especially of copper salts, has 
been reported to inhibit epinephnne hj perglycemia (64, 65, 66, 67), it was thought that the 
“vitamin P” like substances might antagonize this inhibition because of their metal chelat 
mg properties, but we were not able to demonstrate any such effect of copper sulfate, 1 0 
mgm /kgm , or of copper glycmate, 5 mgm /kgm , administered intravenously 10 minutes 
prior to epinephnne hydrochloride, 0 1 mgm /kgm , injected subcutaneously into 12 hour 
fasted, standardized rabbits 
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angioneurotic-like edema in atopic eggwhite sensitivity in the rat (68, 69, 70), 
“vitamin P”-like compounds do not potentiate this epinephrine effect. 7 

Bartlett (71, 72) has shown that 2' ,3 , 4-trihydroxy chalcone (IV) which is 
highly active in the gut assay, inhibits succinoxidase, and that this action prob- 
ably results from its oxidation to the ortho-quinone (VII), 


OH 0 



IV VII 

which then exerted an inhibitory action such as has been observed with other 
quinones. To suggest that those substances active in the gut segment assay 
and containing the catechol nucleus, act solely by a similar inhibition of some 
quinone-sensitive enzyme in the muscle is not in accord with the high activity of 
such substances as 8-hydroxyquinoline and the low activity of such sensitive 
hydroquinones as dihydroesculetin and eriodictyol, but should be kept in mind. 

The mechanism of action of the flavonoid substances on the inhibition of hyalu- 
ronidase in vitro, studied by Bieler and Martin (73, 74) cannot be explained by 
quinoid inhibition (75) since some of the compounds they used (hesperidin and 
its derivatives) do not contain the unsubstituted o-dihydroxy grouping necessaiy 
for quinone formation. 8 It is possible that these substances may act by metal 
chelation of a heavy metal necessary for hyaluronidase action, to form a more 
stable hesperidin-metal complex, although the presence of a heavy metal as a 
necessary component of this enzyme to our knowledge has not yet been es- 
tablished. 

7 The effective dose of epinephrine was 75 to 100 micrograms/kgm. administered sub- 
cutaneously or intramuscularly simultaneously with or 30 minutes after the intraperitoneal 
injection of 0.5 to 1.0 cc. of raw eggwhite. The compounds tested were given by all possible 
routes of administration (intra-peritoneal injection of some of the drugs interfered with 
eggwhite absorption), at various times relative to the eggwhite injections, and in doses 
varying from 10 to 200 mgm./kgm. The compounds tested were: rutin, various “Citrins,” 
“methylated hesperidin chalcone”, butein, 2',3,4-trihydroxychalcone, coreopsin (soluble 4'- 
glucoside of butein), epimerized d-catechin, esculetin, sodium salt of esculetin-4-carboxylic 
acid, quercetin, sodium salt of quercetin sulfonic acid, 5-chlorooxine, sodium diethyldi- 
thiocarbamate, 8-hydroxyquinoline and dithiolpropanol (BAL). The results were judged 
by the incidence and degree of edema of the face and paws. Nearly 1000 rats were used in 
this and related studies. 

8 We also found that several parenterally administered flavonoids inhibit the spreading 
effect of hyaluronidase in vivo, but massive doses were required (76). An unsubstituted 
o-dihydroxy grouping in the phenyl ring was essential for this action and only those com- 
pounds listed in table II as having high activity in the gut assay were effective. Levitan 
(77) recently has confirmed this, in the case of rutin. 
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SUMMARY 

1 An isolated smooth muscle preparation is described for testing substances 
potentiating the action of epinephrine under these circumstances 

2 Some 70 compounds were examined for the relation between molecular 
structure and activity of flavonoid like (“vit P” like) substances on this epi- 
nephrine effect 

3 The minimum molecular structure essential for high activity was predicted, 
synthesized and confirmed to have such high activity It is 3 ,3' ,4'-tnhydroxy- 
flavone and has an activity about 16 times that of rutin, on a weight basis 

4 The epinephrine-potentiating effect of the compounds is due chiefly to 
metal chelation, although this is not the only possible mechanism 

5 The presence of an unsubstituted ortho dihydroxybenzene nucleus, while 
present m many of the more active compounds, also is not a structural necessity 

6 A spectrophotometric method is described for measurement of the copper 
catalyzed oxidation of epinephrine to one of its red oxidation products, such as 
adrenochrome 36 compounds were tested by this method 

7 The activity senes obtained by the isolated smooth muscle assay method 
does not coincide with that by the spectrophotometnc method 

8 The activity senes obtained by the isolated smooth muscle assay method 
does not correspond with capillary fragility decreasing (“vit P”) activity as 
reported m the literature 

9 “Vitamin P”-lihe substances have no effect on the magnitude or duration 
of response of intestine to stimulation of the inhibitory mesentenc nerve, upon 
blood sugar levels in the presence or absence of cpinepknne hyperglycemia, nor 
upon the preventative effect of epinephrine upon eggwhite edema m rats 

10 It is concluded that items 7 and 8 do not support the theory that “vit P”- 
like substances act in the intact organism by inhibiting the metal catalyzed 
oxidative destruction of epinephrine or sympathin and that the isolated intestinal 
segment response is not a valid assay method for “vitamin P” activity 

11 The metal chelating and anti oxidant properties of the compounds studied 
may have other useful applications. 
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During the course of studies on the activity of ehlorguanide ( Paludrine ) against 
infections induced by inoculation of rhesus monkeys with the trophozoites of 
Plasmodium cynomolgi, it was observed that doses of this drug, which cured 94 
per cent of all previously untreated infections, frequently failed to cure those 
infections which had original^ been exposed to subcurative doses. Such uncon- 
ventional responses were not an invariable occurrence when infections were first 
treated with subcurative doses of ehlorguanide, but they did arise with sufficient 
frequency to require explanation. The possibilities of drug deterioration, defec- 
tive drug absorption or degradation, and inadequate immune responses were 
considered, but, when submitted to critical consideration, did not provide satis- 
factory explanations. The most plausible possibility appeared to be that the 
Plasmodium had developed a tolerance for ehlorguanide, a phenomenon which, 
as Bishop and Birkett (1), and Williamson and coworkers (2) were shortly to 
demonstrate, could take place during the treatment of P. gallinaceum infections 
in chicks. In order to test this explanation, a more systematic investigation was 
undertaken the next time the phenomenon, mentioned above, presented itself. 
This opportunity occurred in September 1947. The details and results of the 
studies carried out at that time are presented here. 

Experimental. A. General Procedures. Young, sexually immature rhesus monkeys 
( Macaca mulatto.), weighing 3 to 5 kgm., were used in all of the experiments described below. 
All of the animals had been imported recently from India and had not been used in any 
other experimental studies either in these laboratories or elsewhere. 

The strain of P. cynomolgi used in these studies was obtained in June 1946, from Dr. 
Richard J. Porter, University of Michigan, Ann Arbor. It is our understanding (3) that 
this strain, which had been imported from India during the war years, was the one which 
Mulligan (4) had isolated from a cynomolgus monkey (ill. cynomolgus) some ten years pre- 
viously and that it had been maintained subsequent to isolation by frequent serial passage 
of trophozoites through rhesus monkeys. The precise history of the strain since its receipt 
in the United States is not known. However, after its admission to our laboratories and 
prior to its use in the first of the present experiments, the strain had undergone 28 serial 
trophozoite passages through rhesus monkeys. These passages, at approximately two- 
week intervals, were carried out by intravenous inoculation of from 50,000 to 500,000 tropho- 
zoites. Numerous chemotherapeutic experiments with trophozoite-induced infections 
have been performed since the strain was received here. All of these experiments indicate 
that the strain is entirely stable in its response to such antimalarial drugs as quinine, quin- 


1 This work was supported in part by a grant-in-aid from the United States Public Health 
Service. 
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acnne, chloroqume, oxychloroqume, and, with the exceptions noted in this report, to 
chlorguamde 

The greatest portion of the work described in this report was earned out on trophozoite- 
induced infections Such infections were usually produced by the intravenous inoculation 
of 60,000 to 500,000 trophozoites After determination of the parasite density in the donor’s 
blood, these macula w ere obtained by a suitable dilution of heparinized blood in 0 85 per 
cent saline, the required dose of parasites being contained in 2 cc of diluted material 
A few experiments with sporozoite induced infections were carried out Such infections 
were produced by the intravenous injection of sporozoite suspensions, prepared by grinding 
the thoraces of infected Anopheles quadrimaculalus mall mixture of normal monkey 
serum and 0 85 per cent saline These mosquitoes had been fed 15 to 17 days previously on 
infected monkeys, and had been maintained since that time at a temperature of 27-2S°C 
and a relative humidity of 70-S0 per cent 

All drug treatments were of the same pattern The daily doses of chlorguamde, or in 
later studies chloroqume, qumaenne, or pentaqume, were dissohed m 50 cc quantities of 
water, and were administered via stomach tube once daily for either 7 or 14 consecutive 
days Chlorguamde and quinacrine were administered as hydrochloride salts, chloroqume 
and pentaqume as the phosphates The dose of drug was always calculated in terms of 
base With few exceptions, drug treatments were given between 8 30 and 9 00 AM, 
immediately following the preparation of blood films for parasite examination 

A single preparation of chlorguamde was used m all of the work described in this report 
This preparation was made in the laboratories of Imperial Chemical Industries, Ltd , and 
was made available through the courtesy of Dr D G Davey 

Examinations of the blood for parasites were made by conventional thin and thick film 
procedures, using Giemsa stained preparations Such films were prepared from blood ob- 
tained from the marginal ear vein Parasite studies were made at least once daily (usually 
at 8-9 A M ) during the period when the monkey s were receiving treatment and for at least 
a week after treatment ended or after thick films became negative After that time, single 
weekly or twice weekly examinations were made Parasite densities were determined on 
thm films as the number of parasites per 10,000 erythrocytes Estimations of the propor 
tions of parasites of different stages were also made routinely The categories enumerated 
included early and late rings, mature trophozoites, schizonts, segmenters, and gametocytes 
In order to determine whether infections in treated animals remained latent or were 
cured, an attempt w as made to induce relapse through Bplenectomy This procedure was 
followed with all animals which had received chlorguamde or other medication, and whose 
blood had remained parasite free on thick film studies for 8 or more weeks after treatment 
If parasitemia did not result within 4 weeks after splenectomy, the infection was considered 
cured In work in this laboratory with some 800 monkeys, this criterion has proved valid 
in more than 99 per cent of the cases 

B Acitimty of Chlorguamde against Infections vnth the Parent Strain of Plas 
modium cynomolgi In order to appraise critically the reactions to chlorguamde 
set forth in later sections of this report, it is necessary to describe briefly those 
data which have been obtained m this laboratory with infections induced by 
trophozoites of the parent strain Such a summary dealing with the effective 
ness of the drug agamst early primary attacks is presented in table 1 
Tins table shows clearly the gradation in effectiveness of different doses of 
chlorguamde agamst infections w'lth the parent strain Daily doses of 0 075 
mgm per kgm were without curative effects although they always suppressed 
the parasitemia Doses of 0 15 and 0 3 mgm per kgm effected approximately 
50 per cent cures, doses of 0 6 mgm per kgm effected more than 90 per cent 
cures, while larger doses than this were invariably curative In every one of 
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those cases not cured by chlorguanide, the parasitemia was reduced to a level 
where thick films were negative for at least 3 successive days. With the excep- 
tion of 2 of these latter cases (one each on the 0.075 and 0.15 mgm. regimes), 
where parasites reappeared after 3 to 5 days, all of the animals had persistently 
negative thick films for periods of 10 to 36 days. Although the supporting data 
are not shown here, it should be stated that chlorguanide was equally effective 
against early primary and late primaiy attacks and against first relapses occur- 
ring subsequent to treatment with other antimalarial drugs. Additional studies 
have shown that doses of chlorguanide as small as 0.0188 mgm. per kgm. reduce 
the parasitemia significantly and in some instances abolish it temporarily. 

A graphical summary of the effects of adequate chlorguanide treatment on 
the course of an infection with the parent strain is shown in figure 1. For pur- 
poses of comparison, the course of a typical untreated infection is also illustrated. 

TABLE 1 


Effectiveness of chlorguanide against infections induced with trophozoites of the parent strain 

of Plasmodium cynomolgi* 


DAILY DOSE CHLORGUANIDEf 
wax. base/kgu. body weicht 

' 

NO. OF MONKEYS 
TREATED 

RESULT OF TREATMENT 

No. of relapses} 

No. of cures 

0.075 

4 

4 

0 

0.15 

12 

6 

6 

0.3 

12 

5 

7 

0.6 

17 

1 

16 

1.25 

8 

0 

8 

2.5 

4 

0 

4 


* Data presented include results obtained in the treatment of early primary attacks 
only. 

t Daily dose of drug administered for 7 consecutive days. 

J The term ‘relapse’ has been used to indicate the reappearance of parasites in the blood 
following negative thick films on 3 or more successive days. 

The data on the treated infection (Monkey 1414) show that treatment for 2 days 
with 0.16 mgm. per kgm. doses of chlorguanide effected a significant reduction 
in parsitemia. However, parasites in small numbers persisted in the blood 
throughout the entire 7 days of therapy and for 2 days after the end of treat- 
ment, even though this treatment was adequate for cure of the infection. This 
relatively slow response of the parasitemia is characteristic of the action of 
chlorguanide and, as will be pointed out later, is strikingly different in a number 
of respects from the rapid responses obtained with chloroquine, quinacrine, or 
quinine. The data on a typical untreated infection (Monkey 1546) show that 
the natural course of the disease is characterized by a primary attack of approxi- 
mately 45 days duration and a series of 3 relapses, each of lesser intensity and 
length than the first attack. As is usual in untreated trophozoite-induced 
infections with this strain of P. cynomolgi, the disease was self-limiting in a 
period of about four months. 
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C. Development of Resistance to Chlorguanide during Treatment of Trophozoite - 
induced Infections. A systematic study of the problem of chlorguanide resist- 
ance was initiated when it was noted that the infection in Monkey 1373 had 
failed to respond satisfactorily to successive courses of treatment with chlor- 
guanide at daily doses of 0.3, 0.3, O.G, and 1.25 mgm. per kgm. At this point 
two plans were followed in the attempt to bring the strain of P. cynomolgi to the 
place where the parasites would produce an infection wholly indifferent to treat- 
ment with the maximum tolerated doses of the drug. The first of these plans 
involved continued treatment of the infection in Monkey 1373 with increasing 



Fio. 1. The Effect of Adequate Treatment with Chlorguanide on the Course of 
the Infection Induced bt the Parent Strain of Plasmodium cynomolgi 
TUonVey " ' ' Uy for 7 days as indicated 

(xxxxxxx). . v but less than 1 parasite 

per 10,000 c on study of 200 oil im- 

mersion fields. 

doses of chlorguanide, the second, serial transfer of the infection from Monkey 
1373 to clean monkeys and subsequent treatment of the infections in these ani- 
mals with increasing doses of the drug. The form which this plan followed is 
outlined in figure 2. 

As figure 2 shows, the infection in Monkey 1373 was treated successively with 
chlorguanide at daily doses of 0.3, 0.3, 0.6, 1.25, 2.5, 5, and 10 mgm. per kgm. 
During the last of these courses of treatment, parasites disappeared from the 
blood and did not reappear despite splenectomy; consequently, the animal was 
regarded as cured. Prior to this event, infected blood obtained from Monkey 
1373 was used to inoculate 3 clean monkeys. The first of these animals, Monkey 
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1781, was inoculated after the treatment of Monkey 1373 with 1.25 mgm. doses 
of chlorguanide. The infection in Monkey 1781 was treated with doses of 1.25 
2,5, 5, and 10 mgm. per kgm., cure resulting after the last of these regimes. The 
third of the subinoculees, Monkey 1852, was inoculated subsequent to the treat- 
ment of Monkey 1373 with 5 mgm. doses of chlorguanide. Successive treatment 
of Monkey 1852 with doses of 5, 10, 20, and 40 mgm. per kgm. failed to eradicate 
the infection. Death occurred 2 days after the end of the treatment with 40 
mgm. doses, probably the result of a combination of chlorguanide intoxication 
with the sequelae of persistent malaria. Numerous parasites were present in the 
blood of this animal at the time of death. 

From the viewpoint of the objectives of the experiment, Monkey 1784, the 
second animal to receive blood from Monkey 1373, and its subinoculee, Monkey 
1827, are probably the most important animals listed in figure 2. Monkey 1784 
was infected after treatment of Monkey 1373 with chlorguanide at doses of 2,5 
mgm. per kgm. The infection in Monkey 1784 was subsequently treated with 
doses of 2.5, 5, 10, 20, and 40 mgm. per kgm., the disease being eradicated by the 
last of these treatments. Subsequent to the treatment with 10 mgm. doses, the 
infection in Monkey 1784 was transferred to Monkey 1827. The infection in 
this latter animal was treated successively with chlorguanide at doses of 10, 20, 
40, 40, and 40 mgm. per kgm. Despite repeated exposure to the 40 mgm. doses, 
which are maximum tolerated doses of chlorguanide (5), the infection persisted. 
Subsequent treatment with quinacrine, 10 mgm. per kgm. daily for 7 days, led 
to prompt eradication of the infection. 

It seems fairly evident from the data presented in figure 2 that passage of the 
strain of P. cynomolgi through only 3 animals treated with successively increasing 
doses of chlorguanide resulted in a phenomenal change in the response of the 
parasite to the drug. A graphical summary of this alteration in response, as it 
occurred in Monkeys 1373, 1784, and 1827, is presented in figure 3. The data in 
this figure point to a stepwise acquisition of chlorguanide resistance by the para- 
site. Thus the infection in Monkey 1373 was initially affected very markedly 
by chlorguanide in doses of 0.3 mgm. per kgm., the parasitemia being reduced 
sharply to the point where thick films were negative. In contrast to this, the 
infection induced in Monkey 1784, a subinoculee from Monkey 1373 after the 
parasites in this latter animal had been exposed to chlorguanide for some 42 
days, showed essentially no response to treatment with 2.5 mgm. doses; the 
infection in Monkey 1784 was affected significantly, however, by treatment with 
10 and 20 mgm. per kgm. doses of chlorguanide and was ultimately cured by 
doses of 40 mgm. per kgm. In further contrast, the infection in Monkey 1827, 
a subinoculee from Monkey 1784, exhibited no significant response to 10 mgm. 
doses of chlorguanide and was not cured by repeated exposure to doses of 40 
mgm. per kgm. 

Final and conclusive proof of the development of chlorguanide resistance was 
obtained through an experiment in which the responses of infections induced by 
the parasites persisting in the blood of Monkey 1827 were compared with the 
responses of infections induced by the parent strain. Nine monkeys were used 
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in this experiment. Three of the animals were infected with the parent strain, 
6 with the strain isolated from Monkey 1827. In all cases the infecting dose 
was approximately 400,000 erythrocytic parasites, injected intravenously. In 
all cases infections were patent the day after inoculation. Chlorguanide treat- 
ments were initiated during the ascending phase of the primary attack at a time 
when the infection involved from 1-5 per cent of the erythrocytes. The drug 
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Fig. 3. The Changes in Response to Chlorguanide During Development of the 

Resistant Strain 

0.3-40 = daily dose of chlorguanide in mgm. per kgm. body weight, xxxxxxxx = days of 
chlorguanide treatment. <1 = positive thick film, but less than 1 parasite per 10,000 
erythrocytes on thin film. NT = thick film negative on study of 200 oil immersion fields. 

was administered via stomach tube in single daily doses, 0.6 mgm. per kgm. to the 
3 monkeys infected with the parent strain, 0.6 mgm. per kgm. to 3 of the monkeys 
infected with the resistant strain, and 40 mgm. per kgm. to the remaining 3 ani- 
mals infected with this latter strain. Studies of the numbers and distribution of 
the parasites and tests of cure were carried out as described in section A of this 
report. The results of the study have been summarized in tables 2 and 3. 

As shown in table 2, the effectiveness of chlorguanide against infections with 
the resistant strain was markedly different from the activity of the drug against 
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infections with the parent strain. As would be expected, chlorguanide at daily 
doses of 0.0 mgm. per kgm. eradicated the disease in all 3 monkeys infected with 
the parent strain. Neither this dose nor the much greater one of 40 mgm. per 
kgm. cured any of the infections with the resistant strain. Not only were these 
doses ineffective in curing the latter infections, but they also failed to exert any 
significant effect on the parasitemias. Such reductions in parasite numbers as 
did occur differed little from some of the spontaneous reductions observed in 
untreated infections (cf. figure 1). 


TABLE 2 

Effectiveness of chlorguanide against infections t rith the trophozoites of the parent and re- 
sistant strains of Plasmodium cynomolgi 

| NUMBER PARASITES PE* 10,000 RBC 

1 DAILY DOSE | | 

1 . ' REMARKS 

I 1 II t \ I > I ■ 


Infections with parent strain 


1986 

0.6 

126 

59 

44 

2 

i 

<1 

<1 

neg 

Infection cured 

19S7 

0.6 

115 

976 

' 672 

| 42. 

7 

2 

2 

<1 

Parasitemia abolished 3 days after 
end of treatment. Infection cured 

1988 

0.6 

465 

594 

i 4 SO 

1 

14 

<i 

<1 

<1 

<1 

Parasitemia abolished 2 days after 
end of treatment. Infection cured 


Infections with resistant strain 


196S 

0.0 

317 

790 

903 4SS 174 

71 1 15 

22 

Infection persisted 

1974 

0.6 

477 

296 

I860 742 139 

511122 


Infection persisted 

1975 

0.6 

146 

552 

5SS 504465 

136112 

19S 

Infection persisted 

1976 

40 

186 

146 

432*415233 

14Sj 26 

20 

Infection persisted 

1977 

40 

135 


1413350263 

106 43 

29 

Infection persisted 

1978 

40 

91 


40 11 153 

236 24S 

370 

Infection persisted 


Further evidence of the difference in the action of chlorguanide against infec- 
tions with the two strains is shown in table 3. The data on Monkey 1988 , 
typical of those obtained during chlorguanide treatment of an infection with the 
parent strain, show that reproduction of the parasites was stopped abruptly just 
prior to the occurrence of segmentation. Schizonts with numerous chromatin 
particles developed, but segmentation with merozoite formation did not occur. 
Within a period of 4 days, nearly all of these unsegmented schizonts were elim- 
inated from the peripheral blood. The data on Monkeys 1975 and 1976 are in 
marked contrast to those just described. In these animals infected with the 
resistant strain, chlorguanide had no effect on the reproduction of the parasites. 
The cycles of growth, segmentation, and infection of new erythrocytes proceeded 
just as in untreated controls. 

On the basis of these findings, the conclusion seems inescapable that serial 
exposure of the trophozoites of the parent strain to gradually increasing doses of 
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chlorguanide did lead to the development of resistance to this drug, a resistance 
of such degree that infections were essentially unaffected by the drug in daily 
doses of 40 mgm. per kgm., the maximum tolerated intake of this compound. 
When it is pointed out that chlorguanide in doses as small as 0.0188 mgm. per 


TABLE 3 


Effects of chlorguanide on asexual reproduction of the parent and resistant strain 



DAILY DOSE 
CHLORGUA- 


1 

NUMBER OF 

PER CENT OF PARASITES AS 

MONKEY 

NUMBER 

NIDE 

MGM. 

base/kgm. 

BODY WEIGHT 

DAY OF 

treatment 

PARASITES 
PER 10,000 
RBC 

Early 
rings j 

tings trophozoites Schizonts Segmented 


Infections with parent strain 


0.6 

0 

465 

52 

18 




I 

594 

7 

79 

3 

11* 


2 

480 



10 

90* 


3 

14 



29 

71* 


4 

<1 



Present 



5 

<1 



Present 



6 

<1 



Present 



7 

neg 






Infections with resistant strain 



* These schizonts were normal in appearance. 


kgm. systematically stops reproduction and temporarily abolishes the parasitemia 
in infections with the parent strain, it becomes clear that more than a two thou- 
sandfold change in the response of the parasite to the drug had occurred during 
the development of the resistant strain. 

It should be noted here that with respect to morphology, cyclic reproduction, 
and course of infection in the untreated monkey, the chlorguanide resistant 
strain of P. cynomolgi appears to be identical with the parent strain. 
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C. Transfer of Chlorguanide Resistance Through the Infected Mosquito. 
Whether chlorguanide resistance which developed during treatment of tropho- 
zoite-induced infections would be passed to the sexual forms of the parasite and 
carried through the infected mosquito was one of the most important questions 
arising in the above work. The following experiment was carried out to deter- 
mine this point. 

Monkey 1991 was inoculated with parasites obtained from the blood of Monkey 
1827 subsequent to the final treatment of the latter animal with chlorguanide 
(cf. figure 2). When the parasitemia in Monkey 1991 was well developed, blood 
from this animal was transferred to Monkey 1971. Anopheline mosquitoes were 
allowed to feed on either Monkey 1971 or 1991. Highly infected groups of 
mosquitoes were obtained from both monkeys. The respective groups derived 
from the above animals were used to inoculate Monkey 2090 and Monkey 2089. 
These latter monkeys developed patent infections in 15 and 14 days respectively. 
Six days after the development of parasitemia, blood from Monkeys 2089 and 
2090 was used to inoculate two groups of clean animals, 4 monkeys in each group; 
the infecting doses in these cases approximated 400,000 parasites. When the 
parasitemias in these latter animals reached appropriate levels (i.e., involving 
from 0.5 to 5 per cent of the erythrocytes), the infections from 2 monkeys of each 
group were treated with 0.G mgm. per kgm. doses of chlorguanide while the re- 
maining 2 were treated with doses of 40 mgm. per kgm. These doses were selected 
so that a single experiment would provide evidence either for the retention or 
loss of the resistant characteristic. Figure 4 contains an outline of the transfer 
procedure; the results of chlorguanide treatment are summarized in table 4. 

The data presented in table 4 show that none of the infections was affected to 
a significant extent by treatment with chlorguanide at doses of 0.6 or 40 mgm, 
per kgm. Except for the unusual severity of the disease, resulting in death of 
2 of the monkeys, the responses of these infections to chlorguanide were not 
different from the responses of those infections induced by parasites obtained 
directly from Monkey 1827 (cf. tables 2 and 4). It is clear, therefore, that the 
characteristic of chlorguanide resistance is transmitted through the infected 
mosquito. That this was not a chance happening is indicated by the fact that 
two separate mosquito passages derived from different monkeys yielded identical 
results. 

D. Retention of the Resistant Characteristic during Serial Transfer of the Tropho- 
zoite-induced Infection. Subsequent to the development of the chlorguanide 
resistant strain of P. cynomolgi in Monkey 1827, the trophozoites of this strain 
were passed through untreated monkeys at approximately 3- to 4-week intervals. 
After 6 such passages, covering a period of 21 weeks, an experiment was carried 
out to determine whether a change in the resistant characteristic had occurred. 
Two monkeys were infected with parasites obtained from the 6th serial passage 
of the resistant strain. When the infections in these animals involved approxi- 
mately 4 per cent of the erythrocytes, chlorguanide was administered to the 
respective monkeys in daily doses of 0.6 or 40 mgm. per kgm. 

The results of this experiment will not be described in detail. It is sufficient 



Fig. 4. Outline of Steps involved in the Transfer of tiie Chlorguanide Resistant Strain through the Mosquito 

Monkey 1827-T* 
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fS = sporozoite-induced infection. 
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to point out that the infections in the abo\e monkeys weie just as indifferent to 
treatment with chlorguanide as the infections with the freshly isolated resistant 
strain described earlier in this report (cf tables 2 and 4) It appears, therefore, 
that the resistant characteristic is a fairly well established propet ty of the para- 
site 

O Activities of Chloroquine, Qumacnne, and Pentaquine against Infections with 
the Chlorguanide Resistant Strain One of the practical questions arising from 
the above work concerns the effect w hich the acquisition of chlorguanide resist- 
ance might ha%e on the response of the parasite to other antimalarial drugs 
For that reason, brief studies have been made of (a) the effectiveness of chloro- 
quine and qumacnne against infections induced by the trophozoites of the chlor- 

TABLE 4 

Effect of mosquito passage on the response of the resistant strain to chlorguanide 



DAILY DOSS 

NUMBER PARASITES PER 10 000 SBC j 

MONKEY 

NUMBER 

NIDE MGM 
base/kcm 
BODY WEIGHT 

At start 
of 

treatment 

After day of treatment 


1st | 2nd | 3rd | 4th [ 5th j 6th j 7th 


Group infected with trophozoites from Monkej 20S9 


2033 

0 6 

187 

258 

336 

642 

232 

434 

62 

350 

Infection persisted 


0 G 

50 

54G 

400 

200 

210 

76 

106 

290 

Infection persisted 

t.a 

40 

236 

180 

158 

468 


514 

231 

19S 

Infection persisted 

2104 

40 

212 


224 


196 

482 

137 

206 

Infection persisted 


Group infected with trophozoites from Monkey 2090 


2096 

0 6 

247 

802 

1077 

630 

156 

191 

2S6 

244 

Infection persisted 

2102 

0 6 

223 

690 

042 

sso 

— 

— 

— 

— 

Died from malaria 

2099 

40 

466 

616 

876 

410 

110 

36S 

274 

199 

Infection persisted 

2105 

40 

414 

394 

552 

738 

322 

152 

248 

— 

Died from malaria 


guamde resistant strain, and (b) the activity of pentaquine against infections 
induced by sporozoites derived from the resistant stiam 

In the experiment w ith trophozoite induced infections, 18 monkeys w ere 
inoculated with trophozoites of the resistant strain derived from Monkey 1827 
The early primary attacks, which de\ eloped in these animals, were treated with 
chlorguanide at daily doses of 40 mgm per kgm for a 7 da> period so as to estab- 
lish conclusively that each infection was resistant to therapy with this drug 
Having demonstrated this, treatment with either chloroquine or qumacnne was 
instituted 3 to 5 days after the termination of chlorguanide therapy Both 
drugs were administered for periods of 7 consecutwe days, chloroquine at a daity 
dose of 2 5 mgm per kgm , qumacnne at a dose of 10 mgm per kgm Previous 
experiments with the parent strain of P cynomolgi ha\ e demonstrated that such 
doses of chloroquine and qumacnne aie nearly alwajs curative when emplo}ed 
against either early or late primary attacks or first relapses The results of the 
present study have been summarized m table 5, along with pertinent data on the 
activities of chloroquine and qumacnne against infections with the parent strain 
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Examination of the data in table 5 shows that chloroquine in 2.5 mgm. doses 
or quinacrine in 10 mgm. doses cured a high proportion of the infections with the 
resistant strain. The activities of these drugs against infections with this strain 
appeared to be at least as great as their activities against the parent strain. 

The experiment with sporozoite-induced infections was limited to work with 
Monkeys 2089 and 2090 whose antecedents were described in section C of this 
report and outlined in figure 4. The primary attacks in these animals, like those 
in the trophozoite-induced infections described above, were first treated with 
chlorguanide at doses of 40 mgm. per kgm. When it was demonstrated that the 
infections were indifferent to chlorguanide therapy, treatment with pentaquine 
was instituted. The latter drug at single daily doses of 6 mgm. per kgm. w r as 
administered for 7 days. In sporozoite-induced infections with the parent strain 

TABLE 5 


Comparison of the activities of chloroquine and quinacrine against infections with trophozoites 
of the chlorguanide resistant and parent strain 


DRUG 

DAILY DOSE OF 
DRUG MGM. 

base/kgm. 

BODY WEIGHT 

NO. OF 
MONKEYS 
TREATED 

DAYS REQUIRED 
TO ELIMINATE 
PARASITEMIA 

ULTIMATE RESULT 

No. of 
cures 

No. of 
relapses 

Infections with chlorguanide resistant strain 

Chloroquine 

2.5 

7 

2-3 

7 

0 

Quinacrine 

10 

11 

I 

2-7 

9 

2 

Infections with parent strain 

Chloroquine 

0.6 

3 

3-4 

0 

3 


1.25 

15 

2-4 

8 

7 


2.5 

17 

2-3 

17 

0 

Quinacrine 

5 

9 

4-7 

0 

9 


10 

14 

2-6 

13 | 

1 


such a dosage effects approximately 60 per cent cures. The infections in both 
Monkeys 2089 and 2090 were cured by this treatment. 

It seems reasonable to conclude, from the data presented above, that the 
development of chlorguanide resistance in P. cynomolgi does not affect the re- 
sponse of trophozoite-induced infections to chloroquine or quinacrine nor the 
susceptibility of sporozoite-induced infections to the 8-aminoquinoline, penta- 
quine. As organized, the data permit no conclusions on the possibility that 
acquisition of chlorguanide resistance increases susceptibility to these other 
drugs. 

Discussion. Although the development of drug resistance has been a con- 
siderable problem in some fields of chemotherapy, for example in the sulfonamide 
treatment of certain bacterial diseases, it has hitherto been of little importance 
in malaria. Different strains and different species of Plasmodia which infect 
man and low r er animals exhibit significant differences in their responses to various 
antimalarial drugs. These, however, appear to be naturally occurring differences 
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and are stable characteristics of the particular strain or species. Nowhere in the 
voluminous literature on the clinical use of quinine is there well documented 
evidence showing either that the effectiveness of this alkaloid has diminished 
through its century long use as a suppressive or that resistance to this drug has 
developed during the course of treatment. 

Vigorous attempts to induce quinine resistance during treatment of experi- 
mental avian infections have yielded either negative results (C) or at best only a 
slight change in the response of the parasite to the drug (7-9). Systematic 
attempts to produce quinacrine resistance have been unsuccessful (6). In the 
case of pamaquine some success has been obtained, several investigators (10-12) 
having reported the development of a moderate degree of resistance to this drug 
during treatment of P. knowlesi infections in the simian host. It is noteworthy, 
however, that there was no more than a fourfold change in the response of the 
parasite to pamaquine in these studies. In our own work with P. cynomolgi, of 
some two years duration, no evidence has been obtained for the development of 
resistance to either quinine or quinacrine, or to the 4-aminoquinolines, chloro- 
quine and oxychloroquine, or to the 8-aminoquinolines, pamaquine, pentaquine, 
and isopentaquine. 

The situation with respect to development of chlorguanide resistance is strik- 
ingly different from that just described. Less than three years experience with 
this drug has shown that, at least under laboratory conditions, a high degree of 
resistance can be produced regularly and with considerable facility. This has 
been demonstrated by the studies of Bishop and Birkett (1), Williamson and 
colleagues (2, 6), and Khoppers (9) in infections with P. gallinaceum, as well as 
by the present studies and similar work by Hawking (13) on infections with P. 
cynomolgi. There can be no question in these studies of the significance of the 
change in response of the parasite. Thus the change in susceptibility in the 
case of the avian infection was at least fortyfold, whereas that in the simian 
infection was more than two thousandfold. 

One of the most interesting features of the work on chlorguanide resistance 
was the finding that the resistant characteristic which had been developed during 
the processes of asexual development could be transferred to the sexual forms of 
the parasite, retained through their reproductive processes in the mosquito and 
passed on to the sporozoite. This observation was made twice during the present 
work on P. cynomolgi and had been reported previously in studies on P. gallina- 
ceum (1, 6). It is a finding of obvious practical importance, but it is probable 
that its theoretical importance is even greater. Insofar as we are aware there is 
no other example in biology where a characteristic produced in the asexual forms 
of a parasite in one host can be transferred to sexual forms, carried through an 
intermediary host, and reestablished in the definitive host. When one considers 
the complexity of changes which must occur during the exoerythrocytic and 
erythrocytic development of the parasite in the avian and simian hosts and the 
development of the sporozoite in the mosquito, the retention of the resistant 
characteristic is truly remarkable. 

The significance of the findings of the present study, insofar as the clinical use 
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of chlorguanide is concerned, remains to be determined. Although there is 
some “word of mouth” evidence that chlorguanide is not as effective against 
infections with P. vivax and P. falciparum as was originally supposed, there is as 
yet no conclusive proof that resistance to this drug has developed during treat- 
ment of human malaria. It may be that such evidence will never be forth- 
coming, especially in the case of P. falciparum infections where chlorguanide 
serves as a true causal prophylactic (14). It would be much safer, however, to 
consider the development of chlorguanide resistance as a likely possibility and 
take steps to use the drug so as to minimize such an event. This could be done, 
we believe, by using considerably larger doses of the biguanide than were orig- 
inally advocated for both suppressive and therapeutic purposes, but especially 
for the former. Use of larger doses, such as 0.5 or 1.0 gram twice or even three 
times weekly, are entirely feasible from the point of view of drug toxicity, and 
would involve no more administrative difficulties than the use of smaller doses. 

Tire fact that the development of resistance to chlorguanide does not alter the 
response of P. cynomolgi to such other drugs as quinacrine, chloroquine, and 
pentaquine has both practical and theoretical implications. In the first instance, 
this fact tends to ameliorate the serious effects of chlorguanide resistance should 
such develop in human malaria. In the second place, it indicates that the 
mechanisms involved in the attack of chlorguanide on the parasite are basically 
different from those affected by the quinoline derivatives mentioned above. 

In concluding this report, attention should be called to studies carried out in 
this laboratory which may well explain the ease with which resistance to chlor- 
guanide develops and the difficulty with which resistance is acquired to such 
drugs as quinine, quinacrine, and chloroquine. These studies carried out on 
infections with P. cynomolgi will be reported in detail elsewhere. It is sufficient 
to point out at this time that chlorguanide appears to possess a parasitostatic 
action, which affects only the mature trophozoite and early schizont stages of the 
asexual cycle, other stages being unaffected. The action of chlorguanide, even 
on the stages mentioned above, is exceedingly gentle and results in no distinct 
morphological changes. Quinine, quinacrine, and chloroquine, on the other 
hand, exhibit a parasiticidal action and affect parasites in any stage of the asexual 
cycle. These latter drugs induce drastic morphological changes in the parasite, 
distortion of the noimal shape, swelling and loss of staining characteristics of the 
chromatin, and vacuolation and shrinkage of the parasite to unrecognizable 
forms. In the case of chlorguanide, large numbers of erythrocytes containing 
“arrested” mature trophozoites and early schizonts persist in the peripheral 
blood for 2 to 5 days. In contrast the cells containing parasites, which have been 
killed or at least irreversibly injured by quinine, quinacrine, and chloroquine, are 
removed from the circulating blood in a matter of hours. 

It should be pointed out at this time that the situation with respect to the 
parasitostatic chlorguanide and the parasitocidal drugs has obvious analogies to 
the sulfonamide-penicillin situation insofar as the problem of drug resistance is 
concerned. Resistance to the sulfonamides, which are bacteriostatic agents, 
can be acquired readily. Resistance to the bactericidal penicillins is difficult to 
attain. 



DEVELOPMENT OF CHLORGCAN IDE RESISTANCE 


397 


The sequence of e\ents leading to the dexelopment of chlorguamde resistant 
parasites is not clear at present It seems likely, however, that the persistence 
of “arrested” parasites, at that critical state where there is normally maximal 
activity of the chromatm, may afford just the right opportunity for the develop- 
ment of resistant forms These may appear as one of many responses of the 
parasite to exposure to toxic but sublethal concentrations of chlorguamde The 
situation may be similar to that which occurs when various plant and animal 
organisms are exposed to injurious but sublethal amounts of physical and chem- 
ical agents In these latter cases, mutants are said to be formed Although the 
suggestion may meet with considerable theoretical objection, it seems likely to 
us that chlorguamde may also induce mutations, one of which results in the pro- 
duction of chlorguamde resistant forms 

SUMMARY 

Preliminary observations suggested that resistance to chlorguamde could 
deielop wrhen infections with the trophozoites of Plasmodium cynomolgi were 
treated w ith subcurative doses of the abo\ e drug The present report deals with 
systematic ini estigations of this possibility and closely related problems 

Experiments ha\e shown that a high degree of chlorguamde resistance was 
developed when infections with Plasmodium cynomolgi were treated with sue 
cessnely increasing doses of the biguamde Such a procedure led to at least a 
two thousandfold change in the response of infections to the drug Thus, in mon- 
keys moculated with the parent strain, chlorguamde in daily doses of 0 0188 mgm 
per kgm regularly controlled the infection In contrast to this, in monkeys 
infected with the resultmg resistant strain, daily administration of 40 mgm per 
kgm of chlorguamde, the maximum tolerated dose, was without effect on the 
course of the infection This resistant characteristic seems to be a well estab- 
lished property of the parasite, since it persisted for a period of at least 5 months 
during which time trophozoites were passed through 6 untreated monkeys 

Transfer of the resistant characteristic through the sexual and extrmsic cycles 
of the parasite was also studied The lesult showed that the characteristic of 
chlorguamde resistance, which had been de\ eloped during asexual activity, was 
also a property of the sexual forms of the parasite and could be transmitted with- 
out loss through the mosquito 

Studies were also made of the response of infections produced by the chlor 
guamde resistant stram to treatment with other antimalanal drugs This work 
showed that infections induced by trophozoites of the resistant and parent 
strains were equally susceptible to treatment with such drugs as chloroqume 
and quinacrme Likewise, infections with sporozoites of the resistant and par- 
ent strains were equally susceptible to treatment w ith pentaqume 

The practical and theoretical significance of these findings is discussed 
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It was pointed out by one of us (F D ) at the September, 1947 meeting of the 
American Chemical Society that the propriety of the expression “vitamin P” is 
debatable Vitamin P is not an entity in the sense that thiamine, riboflavin, 
and nicotinic acid are Such diverse substances as rutin, quercetin, epicatechin, 
some factors in lemon peel infusions, and even the hormone, epinephrme, possess 
vitamm P properties, and there is reason for believing that vitamins C, E, and 
K have at least one of the properties of vitamm P Moreover, no convincmg 
evidence exists that a vitamm P deficiency ever exists in man or that it can be 
induced experimentally m animals except under conditions of an inadequate 
intake of vitamin C At a recent symposium 1 on vitamm P it was suggested, in 
view of the above, that the generic term “Flavonoids” be used to refer to the 
flavonols, fiavanones and related compounds, some of which possess the pharma- 
cological properties characteristic of vitamin P The term, flavonoids, has been 
used m this paper m conformity with the above suggestion 
In 1941 a group of French investigators began reportmg studies on the pharma- 
cological properties of flavonoid compounds, the substances indicated by Rusz- 
nydh and Szent Gyorgyi (1) as bemg adjuncts to ascorbic acid m the prevention 
and cure of scurvy in guinea pigs These substances had few easily demonstrable 
pharmacological properties One of the few was the prolongation of the action 
of epinephrine on excised organs (Lavollay, 2) For reproducibility of results, 
strips of guinea pig colon were very satisfactory The increased time of action 
of the epinephrine was found to be due to a slower destruction, the flavonols, 
havmg antioxidant properties, slowed down oxidation of epinephrme, and as 
long as any of the latter was present the strips responded with characteristic 
relaxation (3) That the decreased destruction of epinephrme is due to a slower 
oxidation has been confirmed by use of the Warburg technic both by Lavollay 
(4) and m this laboratory (unpublished) 

Lavollay (2) has reported that flavonoids did not all have the same ability to 
protect epinephrine He listed se\ en compounds (flavones, fiavanones and 
fla-vonols and some of their glycosides) and indicated that, weight for weight, 
quercetin was more active than Iuteolm or rutin, which m turn were more active 
than monn, quercitnn, hesperetin or naringm In this paper he did not discuss 
the degree of activity as influenced by chemical structure, although, m a more 

1 Held under the auspices of the American Chemical Society, April 22, 1948, m Chicago, 
Illinois 
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recent publication (5) he discussed in vivo activity (capillary fragility measure- 
ments) in relation to structure. In the latter paper it was indicated that a num- 
ber of substances with no chemical similarity had an in vivo vitamin P activity 
and that all of them could protect epinephrine from oxidation. Clark and 
Geissman (6) have reported briefly that for high activity the structure should be 

OH 

R— CO— CH=CH— /~NoH, 

and the o-hydroxy groups must be free. 

We were fortunate in having available a number of carefully purified, naturally 
occurring flavonoids, and we have used these along with some chemical modifi- 
cations of hesperidin, and three synthetic compounds, to study the degree of 
epinephrine protection and attempt to find if there was a correlation between 
structure and activity. 2 

Methods. Strips of guinea pig colon were used throughout this investigation, suspended 
in aerated Tyrode solution in a 50-cc. bath at 38°C. Epinephrine hydrochloride was added 
to the bath in such amount as to cause clear but not maximal relaxation. Usually 10 micro- 
grams was a satisfactory amount. A test substance followed by epinephrine was then added 
and, after recovery and washing, epinephrine alone was tried again. This was continued 
until the strip showed signs of fatigue or injury. The tracing obtained from test substance 
plus epinephrine was compared with an average of the immediately preceding and following 
tracings of epinephrine alone. 

The exact time when a tissue is fully recovered is frequently difficult to determine. 
Lavollay (2) suggested that for comparing one substance with another, the “half-recovery” 
time be used. This is the time required for the muscle to relax and return half-way to its 
original length; at this point the slope of the curve is steep enough to make measurement 
easy. All of our measurements were of half-recovery time. 

The flavonoids have a low water solubility. In most instances solubility was possible, 
with or without warming, in 5 per cent ethyl alcohol in Tyrode solution. In some cases, 
such as hesperidin, propylene glycol was necessary in concentrations up to 50 per cent. 
None of these solvents in amounts up to 1 cc. in the 50-cc. bath affected the response of the 
tissue to epinephrine. Since the usual addition was 0.5 cc. or less, effects of the solvents 
could be ignored. All flavonoid solutions were freshly prepared just before use, since we 
noticed early in the experiment that rutin solutions, which in some instances had been 
preserved in a refrigerator for several days, degenerated on standing. 

Comparisons were made on the basis of molecular equivalents rather than equal weights. 
The standard of reference was quercetin, 0.128 mgm. of this compound per 50 cc. of bath 
solution being used in all instances. This amount was equivalent to 0.25 mgm. of rutin, a 


: We want to thank the Eastern Regional Research Laboratory, Bureau of Agricultural 
and Industrial Chemistry, U.S.D.A., for the rutin, quercitrin and quercetin (7); the Cali- 
fornia Fruit Growers’ Exchange for hesperidin and the methylated hesperidin chalcone; 
the Ingram Laboratories, Inc., San Francisco, for the hesperidin chalcone and its sodium 
salt; Dr. W. G. Clark for the methylated chalcone; the Forest Products Laboratory, Forest 
Service, U.S.D.A., for the dihydroquercetin and dihydrokaempherol (8); S. B. Penick and 
Co. for the xanthorhamnin; and the Enzyme Research Laboratory, Bureau of Agricultural 
and Industrial Chemistry for the o-hydroxychalcone. Also the following flavonoid com- 
pounds were studied: isoquercitrin (9), quercetin galactoside (10), quercimeritrin (11), 
kaempherol and robinin (12, 13), and genistin (14). 
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quantity of rutin which caused epinephrine to relax the muscle for a time definitely longer 
than normal, but without unduly prolonging the time. Each strip was tested with this 
amount of quercetin and with molar-equivalent amounts of other substances. The increase 
in half-recovery time produced by quercetin was given the value of 1.00. Repeated tests 
with quercetin showed that most strips degenerated slowly as shown by decreasing values 
of half-recovery time. This has been compensated for, as much as possible, by introducing 
the quercetin more than once for each strip, by introducing it in the middle of each experi- 
ment, or, knowing the usual rate of deterioration of the strips, by calculation. When the 
test substance had no effect on the half-recovery time, three or four tracings with different 
strips on different days were considered sufficient. When there was activity, four to ten or 
more tracings were made, the greater number being for those substances where variation 
was most marked. The values reported in the table are means of the individual values and 
are probably within 20 or 25 per cent of the true means, as judged by repeated assays of 
quercetin. 

In our earlier report (15) on the pharmacology of rutin we stated that we had verified the 
in vitro protection of epinephrine by rutin and quercetin. It was further stated that if the 
concentrations of these fiavonols were great enough, there was a direct relaxing effect on the 
intestinal strips. In the work reported in the present paper, the concentrations of the 
various fiavonols tested were such that in no case was a direct effect noted. 

Since some of the assays were done with aeration tubes made of copper, and since copper 
is apt to catal 3 *ze oxidations, some experiments were made in an all-glass apparatus, with 
and without added copper. The epinephrine half-recovery times were decreased in the 
presence of copper, but the increased half-recover}* times, on a percentage basis (the basis 
for all comparisons in this paper) were not affected. 

Results. Tlie results are presented in table I. It is apparent that the pres- 
ence of a monosaccharose or, in the case of rutin, a disaccharose in the 3-position 
does not greatly modify the activity of quercetin. On the other hand, substitu- 
tion of a single sugar, glucose, in the 7-position increased the activity to a very' 
considerable extent. When the 7-position is covered by methoxylation, as in 
xanthorhamnin, activity seems to be reduced. This statement cannot be made 
without reservation, however, since in addition to the methylation, there is a 
trisaccharose on C-3. There is uo reason to suppose that a trisaccharose would 
modify activity when a disaccharose (as in rutin) does not, but this difference 
must be considered. 

Hesperetin, a flavanone, differs from quercetin by a reduction which eliminates 
the double bond and by methylation of one of the phenyl hydroxyls. Its glyco- 
side, hesperidin, has no ability to prolong the action of epinephrine on the intes- 
tinal strip. When the central ring (pyrose nucleus) is opened to form hesperidin 
chnlcone or its methylated derivatives, a double bond is again formed but no 
activity appears. The simpler compound, chalcone (benzalacetophenone), has 
some activity, and the o-hydroxy derivative of chalcone also has a slight action. 
Methoxylation on the phenyl ring decreases the epinephrine protecting action of 
chalcone to a very considerable extent. 

Ivaempherol differs from quercetin in having a single hydroxyl on the phenyl 
ring. It has some activity, which is decreased but not completely eliminated 
when saccharoses are placed in the 3- and 7-positions (robinin). Hydrogenation 
of quercetin decreases, but does not eliminate, activity while hydrogenation of 
kaempherol causes complete disappearance of epinephrine protecting action. 
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TABLE I 

The protection of epinephrine from oxidation as indicated by intestinal strips 


MATERIAL 


Quercetin and derivatives 



< M INCREASE IN 
M S H EPINEPHRINE 
3 O' a HALE -RECOVERY 
O W M TIME 

a 


1 1.0 (by defi- 

nition) 


0 


Substitution on C-3 
Monosaccharose 

Quercitrin (rhamnose) 

Isoquercitrin (glucose) 

Quercetin galactoside 
Disaccharose 

Rutin (rhamnoglucose, rutinose) 
Substitution on C-7 
Monosaccharose 

Quercimeritrin (glucose) 

Substitition on C-3 and C-7 
Trisaccharose on C-3, methoxy on C-7 
Xanthorhamnin 








TABLE I —Continued 


Sodium hespendin chalcone 
Methylated hespendin chalcone 
Chalcone (benzalncctophenone) 

HC- 

II 

yCR 

c 
II 
o 

OH 


o Hjdroxj chalcone 


/ 


\ / 
C 


CH- 

II 

CH 


2', 3' Methoxj chalcone 


/ 


\ 

OCH, OCH, 


INCREASE IN 
EPINEPHRINE 
HALT RECOVERY' 


0 

0 

0 

0 9 


erratic (0 to 
°°) 


Similar structures 
kaempherol 

HO, 


O 


N:— Noh 

II X X 

yC — OH 


OH C 

II 

O 

Robimn 

(A 3 rhamnogalactoside, 7 rhamnoside of kaempherol) 


Dilij droquercetm (3 hjdroxy enodictjol) 

O OH 

C— H 


HO, 


OH 


OH C x 


OH 


0 1 

0 4 

1 0 


0 1 
0 4 


0 3 
0 8 
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TABLE I — Concluded 


Dihydrokaempherol (3-hydroxynaringenin) 
0 

,/V 7 \f 


HO 


CBC — \__/>° H 


v\ / C \ H 


OH C 

II 

O 

Isoflavone glucoside (genistin) 

O 

n ^ch 


OH 


Glucose — O- 


v\ / 

O C 

H || 

O 


c — 


OH 


§35 

a 


14 


INCREASE IN 
EPINEPHRINE 

half-recovery 

fine 


These two hydrogenated compounds are more closely related to hesperetin than 
to quercetin and kaemplierol, being flavanones rather than flavonols. 

Isoflavone glucoside (genistin) is a compound chemically resembling the very 
active quercimeritrin in that it has a glucose in the 7-position, but it differs in 
that the phenyl grouping has been changed from the second to the third carbon 
and the hydroxyl on the carbon 3 has disappeared. These changes result in 
complete loss of activity. 

Discussion. The importance of certain chemical configurations can be 
judged to a degree by the data just presented. There are gaps in the picture so 
that none of the conclusions can be considered as final. None the less, some 
tentative conclusions are justified. 

A glycosidal linkage on C-3 has little or no effect on the ability of quercetin 
to prolong the action of epinephrine on an intestinal strip. In the C-7 position, 
however, such a linkage augments the activity considerably. The importance 
of the C-7 position is emphasized by the loss of activity occurring when that 
hydroxyl is methylated. Robinin was the only compound studied in which 
saccharoses were present in more than one position. It would be unwise, on 
the basis of this one example, to draw any conclusions as to why such substitu- 
tion decreased activity. 

Hesperidin has a glycosidal linkage on C-7, but it differs from the very active 
quercimeritrin by a loss of the double bond between C-2 and C-3, and by the 
methylation of one of the phenyl hydroxyls. It has lost all activity. If the 
double bond was the important factor in the activity, then the chalcone of hes- 
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pendrn should protect epinephrine, which it does not Therefore, it would seem 
that two free hydroxyls ortho to each other on the phenyl ring might be neces- 
sary Two such hydroxyls are important, but they are not the complete 
answer, since haempherol, with one hydroxyl has some activity, though much 
less than quercetin, which has two 

Apparently both the double bond between C 2 and C-3 (or the corresponding 
carbons w hen the rmg has been opened) and an o dibydroxyphenyl group are 
important The importance of the double bond is shown by the activity of 
chalcone and its hydroxy derivative The activity is not great, but it is present 
Again, loss of the double bond by reduction of quercetin to dihydroquercetin 
causes decrease in actn lty, as does the corresponding reduction of haempherol 
In the latter case, the decrease is to complete loss of activity 

In one compound (chalcone) no hy droxyls were on the phenyl nng and yet 
there was a certain protection of epinephrine However, hydroxyls are impor- 
tant, and two are better than one Quercetm, with two, has more activity than 
kaempherol, with one hydroxy group on this nng, and dihydroquercetm is better 
than dihydrokaempherol So, while activity has been demonstrated in com- 
pounds lacking either the double bond or the dihydroxyphenyl group, our results 
are m accord with those of Clark and Geissman that for marked activity both of 
these structures are necessary 

Judging by the one example, the phenyl group should be in position 2 In the 
isoflavone glucoside, the glucose is m the very favorable C 7 position, and y et 
there is complete loss of activity The loss of activity is probably not due to 
the lack of a hydroxy 1 group on C 2, smee the covering of the C-3 hydroxyl of 
quercetm by glycosidal linkage did not modify activity The loss of activity is 
presumably due to the movement of the phenyl group to the 3 position 

It must be remembered that these in vitro results are not necessarily the same 
as those in an intact animal Oxidations and reductions, often difficult in the 
laboratory , may be accomplished easily and very quickly in the animal body 

SUMMARY AND CONCLUSIONS 

A number of flavonols, flavanones, certain of their denvatives, some of which 
are considered to ha\ e vitamin P activity, and some synthesized, related com 
pounds, ha\ e been tested for their ability to protect epinephrine from destruc 
tion, usmg an isolated strip of intestine as the test object It is suggested that, 
on an equimolecular basis, the following tentative conclusions may be justified 

1 A glycosidal linkage on the C-3 position does not modify activity 

2 A glycosidal linkage on C-7 increases, while methoxylation of this group 
decreases, activity 

3 A double bond betw een C 2 and C 3 mcreases activity 

4 Two free hydroxyl groups, ortho to each other, on the phenyl nng also 
increase activity 

Acknowledgment Dr C E Sando has aided us immeasurably with his 
knowledge of the chemistry of the flavonoids and his enthusiastic mterest in the 
progress of this w ork 
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In the course of routine analysis of the acute and subacute toxicity of a number 
of antimalanal compounds during the war, observations of the toxic effects of 
qumaerme and of pamaquine on the dog were made for comparative purposes 
It was found that pamaquine salts administered orally in divided doses equiva- 
lent to 5 mgm of base per kilogram per day for 3 to 6 days caused ocular changes 
suggestive of sympathetic paralysis enophthalmos, pupillary constriction, and 
relaxation of the nictitating membranes A survey of early pharmacological 
studies of pamaquine failed to reveal any similar previous observations, most 
of these papers dealt primarily with the production of methemoglobinemia m 
various species The present study was begun m an attempt to elucidate the 
mechanism of the apparent paralysis of the sympathetic supply to the eye 

Preliminary results demonstrated that m addition to impairment of ocular 
mechanisms, sympathetic cardiovascular reflexes were also depressed or abol- 
ished by pamaquine (1) Schmidt el al (2) described among other signs of 
pamaquine intoxication in the dog, divergent strabismus, relaxation of the 
nictitating membrane, and loss of pupillary reflexes, plasmocid was reported to 
produce central nervous system damage, particularly in the monkey, and it was 
thought possible that the effects of pamaquine observed by us might be due to 
actual destruction of central cell stations. 

When it was learned that Alving and his co-workers had observed postural 
hypotension in human subjects receiving high doses of pentaqume (observations 
recently reported, 3), our study was extended to include pentaqume and other 
compounds closely related to pamaquine 3 Preliminary studies with penta- 
quine by Richardson, Walker, and Miller (4) yielded results which are fully 
supported by the data reported below 

The compounds used, derivatives of 6 methoxy-8 ammoqumolme, are listed 
below 

Pamaquine (SN-971) 8- (4 diethylammo 1-methylbutylamino) G methoxy- 

qumoline 

Pentaqume (SN-13,276) 8-(5 lsopropylaminoamylammo) 6 methoxyquin- 

oline 

1 Supported by grants from the Office of Scientific Research and Development and from 
the Research Grants Division of the United States Public Health Service 

* Rockefeller Fellow Present address, E R Squibb and Sons, Mexico, D F 

* Pamaquine was obtained as the hydroiodide, naphthoate, and citrate from the Survey 
of Antimalanal Drugs Pentaqume was obtained as the phosphate from the Survey Office 
and from the National Institute of Health SN 13 274 was obtained from the Abbott 
Laboratories and SN 13,140 from the Survey Office 
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Isopentaquine (SN-13,274) : 8-(4-isopropylamino-l-methyIbutyIamino)-6- 
methoxyquinoline. 

SN-13,140 : 8-[-2-(2-piperidyl)-isopropylamino]-6-methoxyquinoline. 

Methods. Dogs and rhesus monkeys were used. Cats were found unsuitable because 
of the development of severe methemoglobinemia. The drugs were administered orally 
twice a day in gelatin capsules or injected intramuscularly 2 or 3 times daily in aqueous 
solution. Dogs were fed a stock diet of Purina Dog Chow, supplemented on occasion with 
raw horse meat or canned dog food. Monkeys were supplied with Purina Dog Chow, 
wheat, tomato juice and apples. 

After 3 to 10 days of treatment, terminal acute experiments / were performed under thio- 
pental-barbital, pentobarbital, or chloralose anesthesia. Great caution was necessary in 
judging the anesthetic dose for severely intoxicated animals, which were often adequately 
depressed with half the ordinary dose. Blood pressure, respiration and heart rate were 
recorded by the usual methods. Methemoglobin estimations were carried out occasionally 
during the period of treatment to rule out the possibility of “chronic” anoxia as the cause 
of the changes observed. In none of the animals considered below were methemoglobin 
levels higher than 15 per cent of the total hemoglobin; anoxia could hardly have been re- 
sponsible for the changes observed. 

Acute experiments were carried out on 6 dogs and 3 monkeys treated chronically with 
pamaquine, 6 dogs and 4 monkeys treated with pentaquine, 3 dogs and 2 monkeys treated 
with isopentaquine, and 2 dogs treated with SN-13,140. In the subsequent discussion, 
“acute” experiments refer to such terminal studies of animals intoxicated by repeated 
daily administration of the various drugs. 

Results. Dog: On the daily dosage of 5 mgm. base/kgm. of pamaquine all 
animals lost weight rapidly. Food and water intake diminished, and eventually 
even fresh horse meat was refused. Spontaneous activity diminished. If car- 
ried too far, the animals would die in spite of withdrawal of the drug and treat- 
ment with intravenous glucose and saline. Although injection of ephedrine 
improved the outward appearance of severely depressed animals and temporarily 
restored appetite, no increase in survival time could be demonstrated when this 
agent was administered routinely during the course of treatment. Some ani- 
mals developed purulent infections of the conjunctivae, nasal and urethral 
mucosae, or of slight cutaneous abrasions. Such animals were not used for the 
terminal acute experiments. Pentaquine, 10 mgm. base/kgm./day, and iso- 
pentaquine, 7.5 to 10 mgm./kgm./day, were better tolerated although they pro- 
duced more nearly complete suppression of sympathetic reflexes. 

By the third to sixth day of treatment with these agents the characteristic 
eye signs appeared; when these had become marked and while the dogs were still 
in relatively good condition, they were anesthetized and subjected to various 
acute tests of autonomic function, including (a) carotid occlusion, to test the 
integrity of pressor reflexes; (b) centripetal stimulation of the cervical vago- 
sympathetic trunk, to test the function of the peripheral sympathetic neuro- 
humoral mechanism, and to provoke reflex responses of heart rate and blood 
pressure; (c) centrifugal stimulation of the vagi; (d) injection of epinephrine, to 
test the responsiveness of arteriolar smooth muscle as well as the reflex carotid 
sinus cardio-decelerator and respiratory-inhibiting mechanisms; (e) injection of 
nicotine to test the carotid body respiratory stimulant reflex and the integrity 
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of sympathetic ganglia, (f) injection of tetraethylammonmm to estimate the 
levels of sympathetic tone to heart and a es^cls , (g) injection of veratridine, to 
test for iefle\ bradycardia, apnea, and hypotension, (h) stimulation of the caro- 
tid sinus nerve, and ( 1 ) asphyxia In geneial, the lesponses showed a nearly 
complete loss of leflex sympathetic control o\ei heart and circulation, "with 
preservation of parasympathetic caidiovasculai reflexes and of respnatory re- 
sponses, results which conform with those lcported for pentaquine by Richaid- 
son et al (4) 

The blood pressuie and lieart rate of all treated dogs under baibiturate anes- 
thesia a\eraged 88 mm Hg and 103 beats/mm as compared with 131 and 180 
m 9 conti ol animals These le\cls aie compatible with neaily complete sup- 

TABLC 1 


Responses of pamaquine dogs compared uith control animals 


ANIMAL 

DOSE 

D V\S TREATED 

B P RESPONSES, PER CENT 

HEART RATE RESPONSES 

PER CENT 

Carotid 

clamp 

TEA 

Asphyxia 

Carotid 

clamp 

TEA 

Asphj m 


mfm /kgm / 
day 








173 

5 

31 

+15 

-42 

0 

0 

-6 

0 

244 

5 

6 

+19 

-40 

0 

0 

-3 

0 

25S 

5 

3i 

+7 

-43 

0 

0 

-12 

0 

2G0 

3 5 

35* 

0 

-18 

0 

0 

-6 

0 

271 

5 5 

6 

+3 

-9 

0 

0 

0 

0 

259 1 

3 0 

10 

+25 

-38 

+20 

+ii 

-14 

+13 

Averagct 

+9 

-30 

- 

- 

-5 


Average 9 controls 

+30 

-40 

+30 

+12 

-23 

+19 


* Treated for IS dajs previously with smaller doses 
t No ocular signs present at time of acute experiment 
X Excluding dog #259 


pression of sympathetic tone to heart and vessels In all animals tieated with 
pamaquine foi a sufficiently long period, carotid occlusion caused no elevation of 
heart late, and a much smaller elevation of pressure than in control animals 
(table 1, figure 1A) The figures in the table are percentage lesponses, the 
absolute change of piessure induced in treated animals by caiotid occlusion was 
very much less than in control animals Pentaquine completely abolished the 
effects of carotid occlusion in 4 of the 6 dogs Removal of the aoitic buffer 
influences by \agal section in conti ol animals raised the arterial pressure and 
enhanced the response to carotid clamping, but this procedure was without 
effect in the tieated dogs Centupetal vagal stimulation, which in control ani- 
mals caused cardioacceleration and hypertension, failed to affect the pressure or 
heart rate in tieated animals, except occasionally as a lcsult of apnea, hypeip- 
nea, or gross muscle movements (figure 1A) The alterations of these responses 
could lcsult from functional impairment either centrally or along the efferent 
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pathways involved; however, centripetal stimulation of the vagosympathetic 
trunk caused protrusion of the globe, retraction of the nictitating membrane, 
and dilatation of the pupil, illustrating the integrity of the ganglionic and termi- 
nal neurohumoral mechanisms. Centrifugal vagal stimulation caused heart 
block or cardiac arrest, demonstrating the integrity of peripheral parasympa- 
thetic mechanisms. 

The low level of pressure might have been the result of shock; in that case, 
the pressor effect of epinephrine would have been reduced. This was not the 
case. Epinephrine caused a greater and more prolonged elevation of pressure 
than in control animals (figure 1A). Respiration was slowed or briefly arrested 
at the peak of the pressor response, proving the integrity of the pressoreceptors 
and their reflex connections through the respiratory centers. The heart rate 



CAROTIDS EPINEPHRINE TEA 5T|M VAGI ASPHYXIA STIM SINUS VERAT VERAT 

CLAMPED 0 03 MG 30 MC CENTRAUT NERVE 0 03 MG OC5MC 

Fig. 1A. Dog, 10 Kgm., Pentobarbital Anesthesia 

Treated for 4 days with pentaquine, 10 mgm./kgm./day. Tracings from top to bottom: 
respiration, arterial pressure (scale at left), signal, time in minutes. Between segments 3 
and 4, a lapse of time sufficient for complete recovery fromtetraethylammonium (T.B.A.). 
Asphyxia produced by respiration of a mixture of 90% N«, 5% 0;, and 5% CO;. 

Fig. IB. Dog, 8 Kgm., Pentobarbital Anesthesia 

Treated for 6 days with pamaquine, 5 mgm./kgm./day. Tracings as in 1A, but time in 
10 sec. Segment 1, stimulation of Hering’s nerve causes bradycardia but little depressor 
response. Between 2 and 3, atropine, 0.1 mgm./kgm. Verat. — veratridine. 

was significantly slowed by epinephrine, even to the point of assumption of an 
A-V-nodal rhythm, again attesting to the integrity of the pressoreceptors and 
their reflex vagal connections. 

The integrity of the autonomic ganglia was further proved by the response to 
nicotine, which caused its characteristic effects on heart rate and blood pressure 
as well as hj’perpnea resulting from stimulation of carotid-body chemoreceptors. 

The absolute depressor response to tetraethylammonium (T.E.A.) was re- 
duced, although in most of the pamaquine-treated animals the 'percentage reduc- 
tion of pressure remained normal (table 1). Since T.E.A. reduces blood pressure 
as the result of blockade of autonomic ganglia, it is obvious that the dogs re- 
tained a certain degree of sympathetic tone to the arterioles. Except in 2 ani- 
mals pentaquine completely abolished the response to tetraethylammonium, as 
illustrated in segment 3 of figure 1A. 

Veratridine, which causes reflex bradycardia, hypotension, and apnea as a 
result of stimulation of certain vagal afferents in the heart and lungs (5) pro- 
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duccd its characteristic effects on heart rate and respiration, but when the biady- 
cardia was prevented bj atiopimzation, the hypotension was limited to the same 
slight response as with TEA (figure IB, segments 2 and 3, before and after 
atropine.) 

Stimulation of Hermg’s ncr\e, which m conti ol animals caused a considerable 
fall of piessuie, was almost without action on the blood piessuie of the treated 
dogs, but still evoked a slowing of the heart (figuie lb, segment 1) 

Asphyxia, a potent piessor stimulus in conti ol animals, caused only a fall of 
piessuie in the treated animals (figure 1A). 



Tig 2 Monrcx, 3 3 Ivgm , Chlorvlose Anesthesia 

Treated for 6 daj s w ith pcntarjuinc, 10 mgm /kgm /da> Tracings as in previous figure, 
time in 10 sec 

The observed impairment of oculai sympathetic mechanisms appeared to be 
me\ersible Two dogs, maintained on pamaquine until development of the 
chaiactenstic eje signs, were taken off the drug and observed foi 3 months 
At the end of that time only paitial recovery of sympathetic control of the eye 
was appaient 

Since SN-13,140 was known to produce a different pattern of toxic effects, 
2 acute experiments were carried out for comparison m dogs having received 
this drug for 5 days in doses producing severe intoxication as indicated by ano- 
rexia, weight loss, and depression In both experiments blood pressure and 
heart rate were noimal, and sympathetic reflexes were unaffected It was con- 
cluded that the effects observed w ith pamaquine, pentaquine, and isopentaquine 
weie not due merely to debilitation, but probably represented a specific inter* 
feience with autonomic functions 

Monkeys Administration of pamaquine in the monkey produced extreme 
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anorexia and weight loss, depression, and methemoglobinemia. Two monkeys 
brought to acute experiment were moribund, and the failure to demonstrate 
vascular reflexes could not be assigned with assurance to specific brain damage 
induced by the drug; the third monkey, used before signs of severe intoxication 
developed, reacted normally to all test procedures. 

Pentaquine was tolerated much better than pamaquine, and 4 animals re- 
mained in good condition after medication 3 times daily for 3 to 10 days (10 mgm. 
base/kgm./day). The end-point was difficult to judge because of lack of ocular 
signs, but in terminal acute experiments these 4 animals reacted like the dogs. 
Blood pressure and heart rate were lower than in control animals; pressor re- 
sponses to carotid clamping, central vagal stimulation and asphyxia, and the 
depressor response to tetraethylammonium were lost, while the pressor and 
hyperpneic response to nicotine was retained (figure 2). 

The effects of isopentaquine after daify dosage of 7.5 to 15 mgm. base/kgm. 
were essentially similar to those produced by pentaquine. 

Discussion. From the available data it is concluded that these 8-amino- 
quinolines cause central impairment of certain sympathetic regulatory mech- 
anisms, particularly those controlling blood pressure and heart rate. Although 
histological examination of the brains was not obtained, the chronic nature of the 
sympathetic involvement, and the demonstrated neuro-toxicity of various 
8-aminoquinolines suggest that the impairment may be due to actual destruction 
of central neurones. In dogs treated with pamaquine, destruction could not 
have been complete, for a significant response to tetraethylammonium was re- 
tained. Since reflex pressor responses were nearly completely suppressed, one 
may conclude that what remained of vasomotor mechanisms must have been 
discharging maximally to maintain arterial pressure even at its reduced level, 
leaving no buffer reserve for further reflex elevation. Carotid and vagal afferent 
mechanisms were shown to be intact; furthermore, depression or destruction of 
such paths peripherally without additional damage elsewhere would cause hyper- 
tension, not hypotension. Efferent pathways through and beyond autonomic 
ganglia were shown to remain functionally intact. The lesion then must lie 
either in the brain or cord. 

Examination of the central nervous system in dogs and monkeys chronically 
poisoned with pamaquine failed to reveal significant damage to sympathetic 
pathways in the spinal cord or to the lateral horn cells (Schmidt and Schmidt, 
G). Only moderate damage was demonstrated in the medulla, mid-brain and 
hypothalamus. Studies of the brains of dogs treated with pentaquine and iso- 
pentaquine have not been completed (G); in the monkey these agents produce 
lesions in the supraoptic and paraventricular nuclei as well as in the abducens, 
trochlear, and oculomotor nuclei (G). Although lesions to which the sympa- 
thetic reflex impairment described above could be assigned have not been de- 
scribed, it is probable that the neurones involved in the central mediation of 
these reflexes at the medullary level are not closely grouped; damage to such 
diffuse “centers” might escape notice. The suppression of autonomic reflexes 
can not have resulted from damage to hypothalamic nuclei, for it is known that 
carotid sinus reflexes are accomplished at the medullary level; clamping the 
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carotid arteries still causes a pressor response in animals whose brain-stem has 
been transected below the hypothalamus. The lesion is therefore probably 
located in the medulla. This does not, of course, imply that nuclei contributing 
to autonomic regulations from a higher level are not also damaged. 

Strabismus induced by the 8-aminoquinolines may be accounted for by the 
demonstration of lesions of the motor nuclei of the III, IV, and VI cranial nerves, 
although the damage to these nuclei produced by pamaquine in the dog iB said 
not to be severe (6, 7). 

Species differences in the response to chronic administration of pamaquine and 
its congeners are marked. The rat, for example, shows little or no evidence of 
brain damage (2). Pamaquine, which produces evidence of extensive impair- 
ment of sympathetic reflexes in the dog, exerts its primary toxic actions in the 
monkey on the hematopoietic system (2), while pentaquinc causes similar im- 
pairment of sympathetic reflexes in the two species. The observations of Alving 
and his co-workers suggest that pentaquine produces damage to sympathetic 
mechanisms in the human subject also (3). Administration of the drug in maxi- 
mum doses produced postural hypotension lasting for months after withdrawal 
of the drug. Freis and Wilkins have made a preliminary attempt to apply this 
toxic action in the symptomatic therapy of hypertension (8). Although arterial 
pressure was diminished, intolerable side effects forced cessation of the medica- 
tion. 

The mechanism of the damage produced by these and related compounds is 
unknown. Schmidt and Schmidt (7), on the basis of their careful histological 
studies, believe that the extensive changes produced by plasmocid are not the 
result of general or local circulatory disturbance, nor to hemorrhagic lesions. 
Hypoxia, resulting from methemoglobinemia and hypotension, could not have 
been severe; methemoglobin concentrations were not excessive; and, indeed, 
areas most sensitive to the drugs have been shown to be very resistant to anoxia 
or circulatory arrest (9). Severe lesions may occur in discrete neurone groups 
while neighboring nuclei exhibit little or no evidence of damage. 

Because of the remarkable selectivity of the various 8-aminoquinolines, these 
agents should become useful tools in the study of autonomic as well as somatic 
functions. 

Acknowledgment. The authors are indebted to Mr. Carl Gruhzit and Mr. 
Joseph Cochin for their aid in some of these experiments. 

SUMMARY 

1. Pamaquine, pentaquine, and isopentaquine chronically administered to 
dogs produce impairment of sympathetic cardiovascular reflexes, but not of 
parasympathetic or respiratory reflexes. 

2. Pentaquine and isopentaquine, but probably not pamaquine, cause similar 
effects in the monkey. 

3. The impairment of reflexes is believed to be due to destruction of medullary 
cell-groups. 
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In experiments in which two types of adrenolytic diugs were used, a laige 
intravenous dose of a sympathomimetic amine could peculiaily modify the 
blood pressure response to small doses of the same amine For example, if an 
immense dose of epmephnne had been administered after an adienolytic drug, 
the injection of a small dose of epmephnne produced no effect rather than the 
expected puiely depressoi lesponse When the study w as extended to depressor 
sympathomimetic amines such as the isopiopyl homologue of epmephnne, Isu 
prel, it was found that a large dose of this substance temporal lly blocked the 
depressor action of small do^es of Isupiel Fuithermoie, the usual depiessoi 
response to epmephnne was agam rcveiscd and a pressoi response was elicited 
The effect of epmephnne, Isuprel or related drugs in abolishing a depiessoi ic 
sponse will be described as a “tapenolytic” effect (raimi'ams = process of towel- 
ing or depressing + Xvar = to dissolve) 2 

Cats anesthetized with mtrapcntoncal pentobirbital, Dial with urethane 01 intn 
venous a chloralose weic used Atropine sulfite m a total dose of 1-2 mgm was ulnnn 
istered intramuscularly The adrenolytic (sympatholytic) drugs used were diug 194 s , 
Dibenamme and the methane sulfonates of dihy dtoergocristine and dihydioergocryptine 
The adrenolytic drugs and the sympathomimetic amines were injected intravenously 
Details of technique are given m a picvious report (1) 

Effect of massive doses of catechol amines on the block produced by adrenolytic 
agents Laige doses of catechol amines may diastically affect the lysis produced 
by a blocking agent For example, if 2 0 mgm pei kgm of epinephrine weie 
injected after the maximum adienolytic effect of 15 pM pei kgm of drug 194 had 
appealed, a subsequent test injection of G mitiogm pei kgm of epmephnne pro- 
duced no response Thus, as revealed by the absence of a depressor response to 
the small test dose of epinephrine, the large dose of epinephrine had produced 
tapenolysis Repetition of this small test dose at regular intervals latei caused 
the gradual reappearance of a depressoi lesponse, theiefore, tapenolysis was 
reversible and the effects of the adrenolytic drug persisted 

1 This investigation was supported by a gi ant from the Smith, Kline and Trench Labora 
tones 

* A more correct term would be “sympathotapenoly tic” since discussion is limited to the 
i eduction or abolition of dopicssor symp ithctic responses 

8 Drug 194 w is furnished by the Smith, Kline and Trench Laboratories It is N ben* > 1 
N 0 phcnylisopropyl 0 chloroctby laimne hydrochloride Pharmacologically it is similar 
to Dibcn amine (dibenry 1 /i chloioethy 1 amine hydrochloride) 
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E- 135*110 B-224-(3q E-235-150 


Pig. 1. Tapenolysis Produced by Ethylnohepinephbine (Butanephrine) 
Blood pressure of cat, 2.6 kgm. Pentobarbital anesthesia. 2 mgm. atropine sulfate 
intramuscularly. E: epinephrine HC1, 6 microgm. per kgm.; B: Butanephrine HC1, 4 
microgni. per kgm.; S-0: 15 m M per kgm. of N-benzyl-N-/3-phenylisopropyl-j3-chlorethyIa- 
mine HCI (drug 194) infused intravenously during 13 minutes. Bu-85-0: 1 mgm. per kgm. 
of Butanephrine HCI. The first number indicates minutes after the adrenolytic agent, 
drug 194; the second number indicates minutes after the tapenolytic agent, Butanephrine 
HCI. 

A reversible tapenolysis appeared, shown by a pressor response to epinephrine (E-l 14-29) 
and the absence of a depressor response to Butanephrine (B-13G-51) with a later reversion 
to depressor responses to both amines. 
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Experiments were performed to determine the tapenolytic effect of different 
amines. If epinephrine was employed as the test compound, the most effective 
tapenolytic drugs were the isopropyl homologue of epinephrine (Isuprel), ethyl- 
norepinephrine (Butanephrine) and methylaminoacetocatechol (Kephrine). 
After apparently complete adrenolysis by drug 194, a large dose of any one of the 
three tapenolytic drugs reversed the response to epinephrine from depressor to 
pressor and the depressor effect of Isuprel or Butanephrine was abolished. Keph- 
rine, at least after Isuprel, resembled epinephrine and became a pressor agent. 
A representative experiment in which Butanephrine produced tapenolysis is 
reproduced in figure 1. After the adrenolytic drug, 194, epinephrine produced 
only a depressor effect and the depressor response to Butanephrine appeared to 
be more pronounced. A very large dose of Butanephrine (1 mgm. per kgm.) was 
followed by the standard dose of epinephrine which then caused only a rise of 
blood pressure whereas Butanephrine was practically without effect. The pro- 
gressive decline of tapenolysis during the last 99 minutes following the injection 
of the large dose of Butanephrine and the reappearance of depressor responses 
to the standard small doses of epinephrine and Butanephrine are shown in the 
remaining sections of figure 1. 

Other experiments performed in cats are summarized in table 1. In most of 
these experiments 15-25 fiM. per kgm. of drug 194 was used as the adrenolytic 
agent. Dibenamine (68 jiM per kgm.) and the methane sulfonates of dihydro- 
ergocristine or dihydroergocryptine (5 mgm. per kgm.) were similarly employed 
in several experiments. There are listed only those experiments in which 
“adrenolysis” could be demonstrated before the injection of the tapenolytic dose 
of amine. Isuprel-, Butanephrine and Kephrine each could act as a tapenolytic 
agent: after the administration of a large dose, a subsequent small dose of epi- 
nephrine (or Kephrine) evoked a pressor response instead of the depressor action 
previously manifested. When tapenolysis had been produced by a large dose of 
epinephrine, small doses of epinephrine caused no change in blood pressure in 
contrast with the pressor response after tapenolytic doses of Isuprel, Butaneph- 
rine or Kephrine. Depressor amines like Isuprel or Butanephrine produced no 
response, provided that the corresponding drug was used as the tapenolytic 
agent. (Isuprel was also shown to produce tapenolysis of Butanephrine.) 
Norepinephrine, methylnorepinephrine (Cobefrine), desoxyephedrine or catechol 
in large doses did not lessen the depressor response to epinephrine after an adreno- 
lytic drug. However, the pressor effect of small doses of norepinephrine was 
reduced after a large dose of the same drug had been administered. 

Biorck (2) stated, without further comment, “In the experiments with low 
doses of dibenzyl-jS-chloroethylamine there was some evidence, that large amounts 
of adrenaline were able to overcome and destroy the blocking effect, whereafter 
smaller doses could again manifest their normal excitatory effect.” In our 
experience, “smaller” doses are then without any action, either pressor or de- 
pressor, and the large dose of epinephrine appears to have caused a temporary 
tapenolysis and adrenolysis. Peculiarly enough, epinephrine in small doses 
(e.g. 0 microgm. per kgm.) may provoke a temporary pressor response after doses 
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of 1-2 mgm. per kgm. each of epinephrine and desoxyephedrine (4 experiments) 
or of epinephrine and Vonedrine (l-methylamino-2-phenylpropane, 1 experi- 
ment). 

In eight different experiments, not listed in the table, norepinephrine or Cobe- 
frine (methylnorepinephrine) or both were injected after a tapenolytic dose of 
Isuprel, Butanephrine or epinephrine. In seven of these experiments, the test 

TABLE 1 


Tapenolytic effect of sympathomimetic amines after an adrenolytic drug 


NO. 0? 

TAPENOLYTIC ACENT 

DRUG* TESTED TOR 

RESULT 


Drug 

Dose 

TAPENOLYSIS 

9 

Isuprel 

mim.f 

kgm. 

1-2 

Epinephrine 

Tapenolysis with pressor response 

2 

Isuprel 

1 

Epinephrine 

Incomplete tapenolysis only 

2 

Isuprel 

2 

Isuprel 

Tapenolysis 

1 

Isuprel 

1 

Butanephrine 

Tapenolysis 

2 

Butanephrine 

1 

Kephrinef 

Epinephrine 

Tapenolysis with pressor response 
Tapenolysis with pressor response 

1 

Butanephrine 

1 

Epinephrine 

No tapenolysis 

1 

Butanephrine 

1 

Butanephrinet 

Tapenolysis 

2 

Kephrine 

2 

Epinephrine 

Tapenolysis with pressor response 

4 

Epinephrine 

1-2 

Epinephrine 

Tapenolysis only 

2 

Epinephrine 

2 

Isuprel 

No tapenolysis 

1 

Norepinephrine 

1 

Epinephrine 

No tapenolysis 

1 

Cobefrine 

1 

Isuprel 

Norepinephrine 

Epinephrine 

No tapenolysis 

Reduced pressor response 

No tapenolysis 

2 

Desoxyephedrine 

2 

Cobefrine§ 

Epinephrine 

Diphasic response persisted 

No tapenolysis 

1 

Catechol 

12 

Norepinephrine 

Cobefrine 

Epinephrine 

Pressor response persisted 

Pressor response persisted 

No tapenolysis 




Norepinephrine 

Cobefrine 

Pressor response persisted 

Pressor response persisted 


* All doses of 6 microgm. per kgm. unless noted otherwise, 
f Dose of 14 microgm. per kgm. 
t Dose of 4 microgm. per kgm. 

§ Dose of 20 microgm. per kgm. 

amines (norepinephrine and Cobefrine) still evoked a pressor response after the 
adrenolytic drug had caused epinephrine-reversal and this pressor response was 
not significantly modified by the large dose of tapenolytic drug. In the eighth 
experiment in which epinephrine was the tapenolytic agent and both test amines 
caused a rarely observed definite depressor effect before the large dose of epineph- 
rine was given, tapenolysis without a pressor response occurred. 

Discussion. The term tapenolysis is used to describe the blocking of a de- 
pressor response to a sympathomimetic amine. It is best revealed after an 
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adrenolytic drug has been administered when the customary response to epi- 
nephrine or Kephrine is depressor. If a large dose of Isuprel or Butanephrine 
is then injected, the depressor response to small doses of Isuprel or Butanephrine 
is abolished and a reversal from a depressor to a pressor response to epinephrine 
or Kephrine occurs. If epinephrine in a large dose is the tapenolytic drug, small 
doses of epinephrine do not affect the blood pressure until tapenolysis recedes 
when a depressor response reappears. The tapenolytic effect is reversible. No 
tapenolytic action toward depressor doses of epinephrine could be demonstrated 
after large doses of norepinephrine, Cobefrine, desoxyephedrine or catechol. 
Isuprel, Butanephrine and Kephrine have striking depressor effects in normal 
anesthetized cats and are the best tapenolytic agents. Epinephrine’s depressor 
action is most easily demonstrated after an adrenolytic drug and it is probably 
a much less effective agent for blocking depressor responses than the other three. 

The following hypothesis is suggested as an explanation of tapenolysis and the 
temporary reappearance of a pressor response to epinephrine after an adrenolytic 
drug and atropine sulfate. Vascular smooth muscle is furnished with separate 
and distinct sympathetic “reactive patches”, one excitatory, the other inhibi- 
tory. Some drugs temporarily combine nearly exclusively with excitatory 
patches (e.g. norepinephrine), others with both types of patches although normal 
responses are usually excitatory (e.g. epinephrine), while the third type combines 
only with inhibitory patches (e.g. Isuprel). After a dose of adrenolytic drug 
which probably blocks most, but not all , excitatory patches and no inhibitory 
patches, the only effect of epinephrine which will ordinarily be recognized is 
inhibitory. A very large dose of a drug like Isuprel, combining with inhibitory 
vascular reactive patches remains loosely combined for many minutes dicing 
which Isuprel itself as well as epinephrine cannot gain access to such patches so 
that Isuprel is without action and epinephrine can cause a pressor response as it 
still has access to excitatory patches which have escaped the adrenolytic drug. 
Gradually the loose combination of Isuprel and inhibitory patches breaks down 
so that the latter are again free to react to small doses of Isuprel or epinephrine 
both of which cause the depressor responses present before the large tapenolytic 
dose of Isuprel had been given. If a large dose of epinephrine is given, not only 
is there tapenolysis but also an adrenolysis of excitatory patches which had 
escaped the blocking action of the first adrenolytic drug so that small dosejs of 
epinephrine temporarily are without any action and there later appears only the 
predominant depressor action previously present. (Contrary to our results, 
Biorck (2) reported a “normal excitatory effect” from small doses of epinephrine 
after the large dose.) 

Undoubtedly such an hypothesis is only a simplified picture of events in par- 
ticular experiments. Epinephrine in a large dose may have no effect on the 
pressor action of norepinephrine or Cobefrine. Also, although tapenolytic doses 
of epinephrine block inhibitory as well as excitatory responses of subsequent 
small doses of epinephrine, they appear not to block the inhibitory response to 
small doses of Isuprel; however, a still larger dose of epinephrine would be ex- 
pected to block the Isuprel response. It is suggested that epinephrine, although 
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bound both to excitatory and to inhibitory reactive patches, may be so quickly 
displaced and replaced by amines such as norepinephrine or Isuprel that these 
substances can cause their characteristic responses. Thus after a very large 
dose of epinephrine, although small doses of epinephrine produce no response, 
doses of norepinephrine or Isuprel cause respectively a pressor or a depressor 
response. 


SUMMARY 

After an adrenolytic drug, the depressor response to epinephrine can be tem- 
porarily transformed into a pressor response if a large dose of a sympathetic 
depressor amine such as the isopropyl homologue of epinephrine (Isuprel) or 
ethylnorepinephrine (Butanephrine) first be given. Simultaneously, there is no 
vascular response to previously effective doses of the particular depressor amine 
used. This blocking of depressor responses is termed tapenolysis (sympatho- 
tapenolysis in a strict sense). 

Experiments with other sympathomimetic amines are described. The best 
tapenolytic agents are Isuprel and Butanephrine. A large dose of epinephrine 
can be both tapenolytic and adrenolytic. An explanation of tapenolysis is 
offered. 
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MacNider, Helms, and Helms (1) observed the course of uranium nitrate 
poisoning in pregnant dogs. They found pathological changes in liver and 
kidney tissues and described alterations in certain constituents of blood and 
urine. Surviving dogs apparently experienced no serious interference with the 
normal completion of gestation. No other observations on the relationship be- 
tween uranium poisoning and reproduction have come to our attention. 

There is a double interest in the possible effects of uranium on the reproductive 
organs— first, because it is a highly toxic heavy metal; and second, because it 
is radioactive. The whole problem of interference with reproduction following 
exposures to uranium compounds seemed of sufficient importance to warrant at 
least some additional exploratoiy investigations. A study of the pattern of 
reproduction in rats fed uranium appeared to be a reasonable first step. 

Experimental Methods. The general plan of this experiment was to observe the effects 
on reproduction when weanling rats (aged 28 days) were maintained in pairs on dietfc con- 
taining 2 per cent uranium nitrate hexahydrate. A similar group of litter-mated rata were 
paired in the same fashion to serve as a control group. The basic diet was purina fox chow 
meal with meat, a product of the Ralston-Purina Company, St. Louis, Missouri. Albino 
rats originally of the Wistar strain were used. Fifty males and 60 females were distributed 
in Buch a way that equal numbers of litter mates appeared in the control and in the experi- 
mental groups, but siblings were not mated. The females were separated from the males 
late in pregnancy. Litters were removed on the day of birth, and the females were returned 
to the males. 

Effect on growth. From the body weight curves (figure I), it is plain that 
the growth rate was noticeably depressed for both male and female rats? fed 
2 per cent uranium nitrate hexahydrate. At the end of about 7 months, the 
experimental male rats averaged about 65 grams less, the experimental female 
rats averaged about 60 grams less than their respective control groups. From 
food consumption measurements on other rats maintained on the same diets, it 
is known that the growth depression in the first 30 days is to be attributed mostly 
to a refusal of food (2); data on later periods are lacking. 

Number and size of litters. Forty-four of the 45 control females had at least 
one litter; in sharp contrast, only 30 of 44 females in the experimental groups 
had litters (tables I and II). A careful inspection of table I will show that there 
was a constantly diminishing ratio of the number of litters in the experimental 

1 This paper is based on work performed under contract with the Manhattan District 
(United States Engineers’ Office) at the University of Rochester, Rochester, New York. 
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group to those in the control group as time went on. The number of young 
differed in a regular and striking fashion between the control and experimental 



Fio. 1. Growth Corves 

For both'malc and female rats the growth curves of the experimental group maintained 
on a diet containing 2 per cent of uranium nitrate hexahydrate were depressed below tho 
growth ; curves of the control groups, respectively. 

TABLE I 


Record of litters born in one-year experimental period 


UTTER NUMBER 

CONTROL RATS 

EXPERIMENTAL RATS 

No. having litters 

Av. no. pups 

No. having litters 

Av. no. pups 

1 

44 

7.9 

30 

7.4 

2 

43 

9.9 

28 

7.9 

3 

41 

9.7 

26 

7.7 

4 

39 

9.7 

25 

8.6 

5 

36 

9.2 

24 

8.3 

6 

35 

8.2 

23 

8.7 

7 

33 

8.5 

18 

7.3 

8 

30 

7.9 

15 

8.4 

9 

25 

7.5 

13 

6.8 

10 

19 

5.7 

9 

6.2 

11 

14 

5.6 

2 

7.0 

12 

5 

6.0 

— 

— 

13 

1 

11.0 

— 

— 


groups (figure 2). After 216 days on the experimental regimen, a total of 2274 
young had been bom to control females, whereas 1049 young had been bom to 
experimental females. 
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It is apparent that when rats are maintained on diets containing 2 per cent 
uranium nitrate hexahydrate, there is a marked decrease a) in the number of 
females having litters, b) in the number of litters, and, thus, c) in the number of 
young. 


TABLE II 
Litter record of rats 


CHOC* 

NUMBER or 
TEUAl.ES 

NUMBER 07 
UTTERS 

AV. NO. 
UTTERS PER | 
TEUAX.E 


AV. NO. PUPS 1 
PER FEMALE 

AV. NO. 
POPS PER 
UTTER 

A. During £16 days on diet containing £ per cent uranium nitrate hexahydrate 


44 

248 




mm 

Experimental 

30 

132 

vgfl 



in 



34 

110 



24.2 ; 

— 

Experimental 

23 

82 




mm 


to 

Wii 



Fia. 2. Overall Birth Rate 


ie number born 
> hexahydrate. 


Replacement on slock diet. During 195 days on the experimental diet, the 
patterns of growth reduction and of limitation in reproduction had become fixed. 
To determine whether these toxic effects were irreversible, the experimental 
animals were placed on the stock ration (i.e., no more uranium nitrate was fed), 
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and the experiment was continued for an additional 170 days. As may be seen 
from figure 1, there was an immediate resumption of growth both by the male 
and by the female experimental rats. The increased growth was insufficient to 
overcome entirely the previously-established weight depression; however, at the 
end of the experiment the control and experimental rats were fairly comparable 
in average body weight. 

During this period of nearly 5 months, 34 of the control females and 23 of 
the experimental females had litters (table IIB). It is evident that the control 
animals continued their numerical advantage; however, on statistical grounds — 
that is, per female — the experimental animals were slightly more productive 
than the controls (figure 3). Specifically, in this period the experimental rats 
had about 5 per cent more litters per capita with about 15 per cent more young. 



Fig. 3. Productivity of Pups per Female 

During the period on the experimental diet, the average number of pups per female 
maintained on the experimental diet containing 2 per cent uranium nitrate hexahydrate 
(solid circles) was considerably below that of the control group females (open circles). 
When the experimental group was replaced on the stock ration (see arrow), the average 
number of pups per female thereafter tended to exceed the comparable production in the 
control group. 

These figures represent a return to normal or above. It appears that the growth 
impetus and the health of those females which had litters were not irreparably 
depressed during the experimental period. It is noteworthy that the females 
which failed to have litters while ingesting uranium nitrate hexahydrate con- 
tinued not to have litters during the 5 months on the stock diet. 

Mortality. During the first 30 days on a diet containing 2 per cent of uranium 
nitrate hexahydrate, 4 females and 5 males died. Rats were removed from the 
control group to give a corresponding decrease in total numbers of animals under 
study. 

During the remainder of the year, 3 females and 7 males in the control group 
died. In the same period 5 females and 3 males died in the experimental group. 
The overall mortality was therefore about 10 per cent for the control rats, a 
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figure which is close to the statistical mean (12 per cent) obtained at the end of 
a year on several thousand control animals from our colony. The slightly higher 
mortality (17 per cent) in the experimental group is in line with previous ex- 
perience with rats on this diet. 

Regularity of oeslrin. Wien the loss of fertility shown in table II became 
apparent, the origin of the effect was sought. At the beginning of the 4th month 
of the experiment, daily microscopic studies were made of vaginal smears of 
each female rat using the technique of Long and Evans (3). From these ob- 
servations it was shown that rats having regular oestrus cycles had regular 
matings (table III). Forty-one of the 45 control females had regular oestrus 
-cycles accompanied by regular matings; in contrast, only 19 of 44 experimental 
females had regular matings and regular oestrus cycles. 

Effects of reduced food consumption. Food consumption measurements on rats 
given a 2 per cent uranium nitrate hexahydrate diet at the same age have shown 
that a marked loss in appetite accompanied with a body-weight loss appeared 
in rats on the day following the first day of access to the uranium nitrate diet 

TABLE III 


Oestrus cycle regularity in relation to regularity of mating 



[ Nuusri or tkuai.es exhibiting 


Irregular oestrus cycles 

Control 


Control 

2% UOt(NOi)» 

Regular matings 1 

41 

19 1 

0 

0 

Irregular matings 

0 

i 0 ' 

0 

1 

No matings 

2 

! 4 

2 

13 

Totals 

43 

30 | 

2 

14 


(2). The loss of appetite and loss of body w'eight continued in surviving rats 
for 5 to 12 days. When the rats began to eat again growth was promptly re- 
sumed; however, the body weight curves were permanently displaced below' those 
of the control groups although the curves were practically parallel. Despite 
this fairly normal, although delayed, growth curve, the acute inanition in the 
first 2 weeks may have produced lasting injury to susceptible gonadal tissues (4). 

Uranium content of young. On several occasions carcasses of newly-born rats 
were subjected to spectroscopic (5) or fluorophotometric (6) analysis for uranium. 
Despite the fact that the mother had been ingesting nearly 100 mgm. of uranium 
daily during the ingestion period 2 , practically no uranium was found in the young. 
In some new-born, the content of uranium (fraction of a microgram) was such 
as to be just on the borderline of the ability of the analytical method to detect. 
Analyses of tissues taken from other adult female rats fed on the same 2 per 

* The average rat in our colony eats 10 to 15 gm. of diet per day which would contain 200 
to 300 mgm. of uranium nitrate kexahydrato {45 per cent U) or 90 to 135 mgm. of uranium 
per day. 
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cent uranium nitrate hexaliydrate diet for comparable periods have shown con- 
sistent values of the order of 120 microgm. U/gm. bone, 16 microgm. U/gm. 
kidney and little in other organs or tissues (7). The percentage of the soluble 
uranium in the diet which is absorbed and enters the blood stream is minute 
indeed — a small fraction of one per cent (8). It seems a safe generalization that 
uranium (except in traces) does not cross the placental barrier. An additional 
factor which may account in part for the very low uranium content of the fetuses 
is the lack in them of sites for uranium deposition. In the adult, bone constitutes 
an important and permanent repository for uranium. In the fetus, the bone 
mineral is lacking and therefore no collection of uranium takes place. 

Pathology. Although histological examinations were not made on the tissues 
of the rats in this experiment, such large numbers of both male and female rats 
have been studied with such care (9) that a general description of the pathological 
changes (renal and testicular) can be given for rats treated as these were. 

In the kidneys, during the first week on a 2 per cent uranium nitrate hexa- 
hydrate diet, degenerative changes, necrosis and slough of the tubular cells 
occurred. At this time regeneration had begun. By the fourth to sixth weeks, 
both "typical” and “atypical” cellular regeneration were observed (10). During 
this period only a few necrotic or sloughed cells were found and the tubules were 
lined by regenerated epithelium. By the eighth to fourteenth weeks, in addition 
to the regenerating epithelium, some tubular atrophy and apparent increase in 
stroma were noted. These lesions persisted with little change during the re- 
mainder of the year’s experiment. Rats that were fed a diet containing 2 per 
cent uranium nitrate hexahydrate for pex-iods of 6 to 7 months and were then 
placed on a uranium-free stock diet for approximately the same length of time 
showed no appreciable renal abnormality. 

Testicular lesions occurred following the feeding of uranium nitrate (2 per 
cent of diet) for one year. All the testes examined of rats on this diet showed 
degeneration and atrophic changes of variable degree. These consisted of a loss 
of spermatozoa in some tubules, absence of spermatids in others and loss of 
primary spermatocytes in others. In the last type of tubule only the 'Sertoli 
cells and a syncytium remained. In many tubules the lumens contained multi- 
nucleated cells. In some testes, variable numbers of tubules were lined by ap- 
parently normal germinal epithelium with adjacent tubulesexhibitingdegenerative 
changes; no normal tubules were observed in the sections of some testes. These 
changes were described by Dr. Karl E. Mason (11) as quite similar to those ob- 
served in general malnutrition or in vitamin E deficiency and different from the 
lesions produced by ionizing radiation (4). In the sections Dr. Mason examined, 
he found one of two characteristic pictures: a) complete degeneration of all 
tubules indistinguishable from that of advanced vitamin E deficiency or b) 
variable numbers of partially or completely degenerated tubules interspersed 
among essentially normal tubules, similar to the appearance when a mild de- 
ficiency of vitamin E had existed at the time of sexual maturity but had been 
corrected before all tubules were affected. There seemed to be sufficient normal 
sperm in the ducts to consider these males normal in reproductive capacity. 



URANfUM: REPRODUCTION IN THE RAT 


427 


.' Discussion. When breeding rats are maintained on a diet containing 2 per 
cent of uranium nitrate hexahydrate, at least 3 effects are noted: a) there is a 
reduction in the number of females having litters, b) the oestrus cycles are mostly 
irregular, and c) the number of young per litter is smaller. The reduction in the 
number of fertile pairs may be in part ascribed to the injuries formed in the 
testes; what failure in the female, if any, has also occurred is not known. The 
irregularities in oestrus cycle cannot be a result of inanition in the ordinary sense; 
food consumption records show that such rats, after an initial period of reduoed 
food intake, recover their appetites and consume practically normal amounts of 
the diets. Peculiarly, the falling off in number of pups per litter that is a usual 
occurrence in our colony when the breeding females reach ages beyond 8 months 
was not seen in .the experimental rats given the stock ration at about that age. 
Females in the experimental group, which had failed to have litters during the 
period on the uranium nitrate diet did not develop the ability to bear litters 
when transferred to the stock diet. Females in this group had failed to exhibit 
the normal increase in number of pups per litter early in the study: control 
group — 1st litter, 7.9, 2nd through 5tli litters, 9.9 to 9.2; experimental group- 
let litter, 7.4, 2nd through 5th litters, 7.9 to 8.3 pups per litter. That no serious 
injury had been suffered by the reproductive systems that functioned is shown 
by the number of pups per litter in the last phase of the experiment; the 9th, 
10th and 11th litters averaged 7.5, 5.7 and 5.6 for the control group against 6.8, 
6.2 and 7.0 for the experimental group. 

The question of radiation effects from possible uranium exposures in this test 
needs only small comment. From analyses of tissues and from distribution 
studies, it has been found that only minute traces of uranium reach the repro- 
ductive organs. It is improbable that the uranium unabsorbed from the diet 
and passing through the gastrointestinal canal could irradiate the vital gonadal 
tissues in a detectable fashion. The histological changes seen in the testes con- 
firmed these assumptions since they were not the lesions known to follow 
irradiation. 

Admowlcdcpnenl. The authors gratefully acknowledge the assistance of Dr. 
Karl E. Mason. 


SUMMARY 

1) Two groups of 50 pairs of rats each were maintained for 7 months on a 
control diet and on a diet containing 2 per cent of uranium nitrate hexahydrate, 
respectively. 

2) The growth rate of both male and female rats receiving the 2 per cent 
uranium nitrate hexahydrate diet was notably depressed. An increased growth 
occurred, however, when the experimental rats were placed on the control diet 
7 months after the start of the experiment. 

3) Uranium feeding sharply reduced the number of female rats having litters. 
In addition, the experimental rats had fewer young per litter. When the ex- 
perimental rats were replaced on the stock diet the females having litters were 



428 


MAYNARD, RANDALL, HODGE, AND SCOTT 


more productive than the control rats. Females which failed to have litters on 
the experimental diet did not have litters later on the stock diet. 

4) Rats fed 2 per cent uranium nitrate hexahydrate exhibited a slightly greater 
mortality during the 12-month period. 

5) Uranium nitrate hexahydrate feeding produces an irregularity of oestrus 
cycle. Only 19 of 44 experimental female rats had regular oestrus cycles and 
regular matings. 

6) Uranium, except in traces, does not’ cross the placental barrier. 
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Recent work in this and other laboratories has established that a reaction 
product of nitrogen trichloride, the active constituent of “ngene”, and the protein 
of wheat flour is the etiological agent of canine hysteria (1-5). The toxicity of 
this agent to other 6pecies besides the dog has been dealt with in previous papers 
(1, 3, 6). The failure of all investigators to obtain reproducible positive results 
with agene-treated amino acids and other constituents of flour (7) has led to 
the supposition that the toxic principle is an altered peptide. Attempts in this 
laboratory to isolate the toxic principle from enzymatic hydrolysates of agene- 
treated gluten have been so far unsuccessful. The apparent magnitude of the 
task of isolating one peptide from an enzymatic hydrolysate leaves considerable 
doubt as to how long it will be before the purified substance is available for 
pharmacological study. The techniques and experiments to be described repre- 
sent preliminary attempts to learn something of the pharmacology of the toxic 
principle of this agene-treated protein using the most toxic material presently 
available. More specifically, the accumulation characteristics of the substance, 
its tendency to produce increased sensitivity on repeated administrations, pos- 
sible synergists, and possible antagonists were investigated. 

Material. The material used in all these experiments was commercial gum gluten 
(80 per cent protein) 1 which had been treated with 6 gm./kgm. of NCI*. This level of treat- 
ment has been shown to yield a maximally toxic product (1). 

Results. Accumulation characteristics. A curve expressing the accumulation 
characteristics of this toxic agent has been determined. Six groups of 4 pure- 
bred Dalmatians each were administered in capsules agene-treated gluten in 
daily doses ranging from 0.05 to 2.0 gm./kgm./day. The average number of 
days required for the animals to develop running fits was plotted against the 
daily dosage level. The curve obtained, shown in figure 1, closely resembles a 
hyperbola (represented by the equation (x — 1.5) (y — 0.07) = 1.24) which is 
asymptotic to the two dotted lines, y = 0.07 and x = 1.5. The asymptote 
(dotted line) parallel to the x-axis represents the largest dose of agene-treated 
gluten which can be given for an indefinite period without producing fits. The 
value of this constant is 0.07 gm./kgm./day, the threshold daily dose above 
which accumulation will occur. The experiment was terminated after 146 days. 

1 Presented before tbe 3Sth meeting of the American Society for Pharmacology and 
Experimental Therapeutics, Inc., in Atlantic City, March 16-19, 1948, and revised to include 
further data. ' ’ 

* Keever Starch Company, Columbus, Ohio. 
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A similar dose-time curve to the one just described for dogs was likewise 
determined for rabbits. Groups of four rabbits were administered agene-treated 
gluten by stomach tube in daily doses of from 1 to 15 gm./kgm./day. Un- 
fortunately, it was not possible to determine the threshold level for accumulation 
for rabbits as accurately as for the dogs because of the unfavorable effect of 
daily stomach tubings. At the 1 gm./kgm./day level, three animals survived for 
twenty days, none of which showed symptoms of intoxication. It can be es- 
timated from figure 2 that the threshold level for accumulation is 0.5 to 1 gm./ 
kgm./day. This is seven to fourteen times higher than the value for the dog, 
although the single effective doses are 10 gm./kgm. for rabbits and 3.5 gm./kgm. 
for dogs (1). Thus the ratio of acute toxicity to threshold of accumulation is 
much lower for the rabbit than for the dog. 



Fig. 1. Dose-time Curve for Dogs 

The average time of appearance of fright fits in groups of 4 dogs vs. dosage of agene- 
treated gluten. 

To elucidate further the accumulative characteristics of the toxic principle an 
additional experiment, the results of which are shown in figure 3, was carried 
out. Four Dalmatians were administered daily doses of 0.5 gm./kgm. of maxi- 
mally toxic gluten until they developed running fits. The average number of 
daily doses for the production of fits is represented by the height of the first bar 
on the graph (5 days). Treatment was suspended for ten days after which time 
the same four dogs were again given the same daily dose until they came down 
with fits. The time required to produce fits on the second trial is the second 
bar on the graph (5 days). However, the third time this procedure was re- 
peated following a 10-day suspension of treatment, the dogs came down with 
fits in only two or three days and the fourth time in two days. At this point 
treatment was discontinued for forty days after which toxic gluten was again 
administered as before. The length of time required to produce fits had re- 
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Fia. 2. Dose-time Curve for Rabbits 

Tho averngo time of tho appearance of fright fits in groups of 4 rabbits va. dosago of 
ogeno-treated gluten. 



Fia. 3. Number of Dati.y Dosf.s Required to PRonurE Fits upon Repeated Periods 
of Administration of Aqene-treated Gluten to Doos 
Tho level of agenc-trcated gluten administered was 0.5 gm./kgm,/day. 


turned to normal as shown in the last bar on the graph. These results show 
that after ten days without receiving further amounts of treated gluten, a residue 
tending to produce increased sensitivity remained in these animals. 

Synergists and antagonists. In order to provide a firmer basis for the com- 
parison of canine hysteria with human idiopathic convulsions, as well as to 
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provide a clue to the site and mechanism of action of the etiological agent, the 
effects of certain pharmacological agents on this disorder were investigated. 
These agents included metrazol, ammonium chloride, physostigmine, parathion, 
glutamic acid, and the anti-convulsants, diphenylhydantoin sodium, tri- 
methadione, and phenobarbital. The effect of extreme hydration was also 
investigated. 

The use of metrazol in subconvulsive doses has been often recommended as 
a test for the diagnosis of epilepsy. Romano has reported (7) that the threshold 
for metrazol convulsions was consistently lower in epileptics than in normal in- 
dividuals. In order to apply this test to canine hysteria, it was first necessary 
to determine an intravenous dose of metrazol that was just subconvulsive to 
dogs. This dose was found to be 10 mgm./kgm. of metrazol in 10 per cent 
solution injected intravenously as rapidly as is practical. This dose did not 
produce a convulsive reaction in ten normal dogs; a dose of 12.0 mgm./kgm. 


TABLE 1 

Metrazol synergism 


GLUTEN ADMINISTRATION 

CONDITION OF DOCS 

DOSE OF METRAZOL 

POSITIVE REACTION 

Dose 

No. of daily doses 

im./kgm. 


Normal 

mgm./kgm. 

10 

0/10 

— 

— ■ 

Normal 

12.6 

1/10 

1* 

12 

Ataxic 

10 

8/ 8 

1* 

20 

Very ataxic 

6 

2/ 3 

2 

1 

Not affected 

10 

0/ 3 

3 

1 

Ataxic 

10 

3/ 3 

5 

1 

Recovered! 

10 

1/ 2 


* The gluten used in these cases was considerably less potent than the standard 
6 gm./kgm. agene-treated gluten. 

f Tested 8 days after gluten administration was discontinued. 


produced only one reaction in ten dogs. However, when injected into eight 
dogs which had received 12 daily doses of agene-treated gluten (sufficient to 
produce slight to moderate ataxia) a 10 mgm./kgm. dose of metrazol produced a 
distinct positive reaction in each case (see table 1). Furthermore, two of three 
dogs receiving the same dose of gluten for 20 days reacted to a lower dose of 
metrazol, 6 mgm./kgm. The reactions varied from typical metrazol convulsions 
to typical running fits. The usual reaction appeared to be a mixture of metrazol 
symptoms and the fright fit syndrome. After a latency of 15 seconds, the animal 
usually was seized with a metrazol-ty “ mvulsion of brief duration which 
was normally succeeded by a typio fit and/or a * convulsion. 

The recurrence at irregular interval 1 . of these epis . ’ v, ssa frequent 

up to | hour after the injection, i ' iod, ■ . m usually 

be precipitated y ’ sound >’ reacti •> .ct con- 
trast to a simpf * convulse F^y t . ; c and 

with low doses f •»" +> ■ 
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The above described metrazol test was also administered to dogs receiving 
single doses of agene-treatcd gluten. At 3 gm./kgm. which produced distinct 
ataxia but no fits, all three dogs reacted positively while at 2 gm./kgm., none 
of the three dogs tested reacted. One of two dogs which had apparently re- 
covered from a 5 gm./kgm. dose of gluten administered eight days previously 
also reacted positively to the test. 

Another clinical test for latent epilepsy is the hydration test (8, 9). This 
test was developed on the basis of experimental work demonstrating that ex- 
cessive tissue hydration lowers the convulsive threshold of animals (10). Using 
the procedure recommended for dogs by Allen (11) involving the administration 
of five doses at $-hour intervals of 300-500 cc. of water, eight animals receiving 
sub-effective daily doses of gluten were tested. Of these, only one animal de- 
veloped a fit or convulsion. 

It is well known that systemic acidosis tends to prevent petit mal attacks 
while alkalosis tends to precipitate them. An experiment intending to establish 
whether canine hysteria is similarly affected was done. Three groups of four 
pure-bred Dalmatians each were given a daily dose of 1 gm./kgm. of agenc- 
treated gluten. Simultaneously one of the groups was administered 5 gm. of 
ammonium chloride three times a day in enteric-coated capsules to produce 
acidosis and the second group was administered an identical dose of sodium 
citrate to produce alkalosis, the third group serving as controls. Intermittent 
determinations of urine pH showed that the desired shifts of the acid-base balance 
had been achieved. No significant difference as to the appearance of the first 
fit or frequency of fits among the three groups was observed. 

One of the prevalent theories of the etiology of some human convulsive dis- 
orders involves the production of an excessive concentration of acetylcholine in 
the brain (12). However, when subcon vulsive doses of physostigmine were ad- 
ministered to four dogs which had been pre-treated with agene-treated gluten, 
no synergism was observed. Nor was an effect obtained with subconvulsive 
oral doses of gluten and parathion administered simultaneously to another group 
of four dogs. Both physostigmine and parathion are known to inhibit brain 
cholinesterase. 

Antagonists. In a search for pharmacological antagonists of canine hysteria, 
the effects of the common anti-convulsant drugs, diphenylhydantoin sodium, 
trimethadione and phenobarbital were investigated. These drugs were ad- 
ministered in divided doses every day for a week, the total daily dose appearing 
in column one in table 2. Groups of four pure-bred Dalmatians each with 
litter mates randomized across the groups were used. On the second day of 
the experiment single doses of 5 gm./kgm. agene-treated gluten were given by 
capsule to all dogs. The results obtained are shown in table 2. Surprisingly, 
diphenylhydantoin and to a lesser extent trimethadione aggravated the effect 
of agene-treated gluten instead of antagonizing it, for instead of mild, running 
fits the dogs receiving these drugs in several cases manifested convulsions severe 
enough to produce death. While the dose of phenobarbital administered pro- 
duced a considerable degree of depression, it did suppress the convulsions. 
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The unexpectedness of the diphenylhydantoin result in particular stimulated 
further experimentation with this substance. An experiment similar to the ones 
described above showed that the potentiation effect did not persist to a lower 2 
gm./kgm. dose of gluten. A further experiment involving six dogs in which a 
daily dose of 0.2 gm. was given for three weeks along with 20 mgm./kgm./day 
of diphenylhydantoin showed no effect of the drug, either antagonistic or 
synergistic. 


TABLE 2 

Effects of some anti-convulsants on canine hysteria 



DAILY DOSE 


RESULTS 




Fits 

Convulsions 

Deaths 

Control 

mim./igm. 

4/4 

0/4 

0/4 

Diphenylhydantoin 

60 

4/4 

4/4 

3/4 


10 

4/4 

2/4 

2/4 

Trimethadione 

150 

4/4 

3/4 

2/4 

Phenobarbital 

60 

0/4 

0/4 

0/4 


TABLE 3 


Effect of phenobarbiial on canine hysteria 



DOO 

NO. 

SEX 

NtntBEa or days! 

0-9 

10 

12 

it 

16 

18 

20 

Agene-treated glu- 

l 

M 

* 

Fits 

Fits 

Conv. dead 




ten, 0.5 gm./kgm./- 

2 

M 

— : 

Conv. 

Conv. 

Fits 

Fits 


— 

day 

3 

F 

: 


Dead 






4 

F 

— 

— 

Fits dead 





Agene-treated glu- 

1 

M 

: 







— 

— 

Conv. dead 

ten, 0.5 gm./kgm./- 

2 

M 

— 

— 

— 

— 

— 

— 

Conv. dead 

day and pheno- 

3 

F 

— 

— 

— 

— 

— 

— 

Fits 

barbital§, 20 mgm. 

4 

F 

— 

Fitf 






/kgm./day 











* A dash ( — ) indicates no effects observed. 

t Mild fit after which dog was removed from experiment. 

J Agene-treated gluten administration discontinued on thirteenth day. 

§ Phenobarbital administration discontinued on seventeenth day. 

It was thought that an experiment in which agene-treated gluten would he 
administered in daily subacute doses and phenobarbital in sub-depressant daily 
doses would more clearly reveal the action of this anti-eonvulsant on canine 
hysteria. Accordingly, a litter of eight dogs was divided into two groups. Both 
groups of dogs were administered 0.5 gm./kgm./day of agene-treated gluten, and 
in addition one group was simultaneously administered phenobarbital at a level 
of 20 mgm./kgm./day in two daily doses. The results obtained are shown in 
table 3. By the thirteenth day all of the controls had shown fits and convulsions. 
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leading in three cases to deaths due to the administration of agene-treatcd gluten 
while only one of the experimental dogs showed any effect. This one dog showed 
a mild fit on the tenth day and the administration of both the gluten and the 
phenobarbital was stopped. No gluten was given past the thirteenth day to 
the remaining seven dogs and the phenobarbital was discontinued in the three 
experimental animals on the sixteenth day. Four days later these three dogs 
developed fits and • convulsions leading to deaths in two cases. It should be 
emphasized that the fits and convulsions in the three experimental animals oc- 
curred only after the effects of the phenobarbital had worn off but while the 
animals still retained residual effects from the earlier discontinued gluten ad- 
ministration. Thus the antagonism of phenobarbital against the ability of agene : 
treated gluten to produce fits, convulsions, and deaths in dogs lias been clearly 
demonstrated. 

Clinical results showing that glutamic acid suppresses petit mal (13) led to a 
preliminary experiment on 2 dogs with simultaneous oral administration of this 
substance and agene-treated gluten. No suppressive effect of the glutamic acid 
was observed. 

Discussion. Several of the properties of the dose-time curves presented are 
worthy of note. The fact that the curve becomes asymptotic to the line y — 
0.07 shows that the dog has a limited maximum capacity for handling the toxic 
principle, for within the range of doses employed the amount destroyed and/or 
excreted was not proportional to dose but instead a constant independent of 
dose. However, this threshold for the rabbit is apparently even higher than its 
greater resistance to an acute dose would lead one to expect, which indicates 
that a relatively high level of detoxification is taking place. The asymptote 
parallel to the y-axis of the curve for the dog is the minimum time of onset of 
this disorder, i.e., fright fits. That this is as long as 1.5 days is an argument in 
favor of the thesis that it is a tissue alteration that is cumulative rather than the 
substance itself. This thesis is also supported by the observation that a period 
longer than ten days is necessary for complete recovery of the animal, as evi- 
denced by a return to his original sensitivity. If the toxic principle is in fact a 
peptide, it seems reasonable that it would be built into a proteinatious constit- 
uent of the body, for example, the tissue protoplasm at the sight of action 
thereby forming a functional lesion in, presumably, the brain. 

The results obtained with ractrazol demonstrate that the convulsive threshold 
to metrazol was lowered by the previous administration of agene-treated gluten. 
Further, the response obtained with a combination of these two substances was 
a combination of the two syndromes. Taken together, these results strongly 
suggest that these two central nervous system stimulants have a site or a mech- 
anism of action in common. 

The results obtained with the anti-convulsants tested clearly demonstrate that 
diphenylhydantoin and trimethadione do not antagonize the syndrome produced 
by agene-treated gluten. The aggravating effect of diphenylhydantoin in large 
doses is interesting, thbugh at present inexplicable. On the other hand, pheno- 
barbital clearly antagonizes canine hysteria. 



436 


JACK L. RAD OMSK! AND GEOFFREY WOODARD 


Sufficient information has been gathered about the properties of canine hysteria 
to compare this pathological entity with human epilepsy; table 4 contains such 
a comparison. No attempt is made to differentiate between the various types 
of epilepsy, or to draw a conclusion from the comparison. 


TABLE 4 

A comparison of the properties of canine hysteria and human epilepsy 


emleps y 


1. Spontaneous seizures at intervals. 

2. Periods of normality between fits. 

3. Abnormal electroencephalograph. 

4. No hysteria. 

5. Precipitated by hyperventilation, alkalo- 
sis, and hydration and suppressed by the 
opposite. 

6. Subnormal threshold to metrazol. 

7. Suppressed by diphenylhydantoin or 
trimethadione, 

8. Suppressed by phenobarbital. 


CAlTOiE HYSTEUA 


1. Spontaneous seizures at intervals. 

2. Ataxia always evident between fits. 

3. Abnormal electroencephalograph. 

4. Hysteria. 

5. Not affected by any of these conditions. 


6. Subnormal threshold to metrazol. 

7. Not suppressed by diphenylhydantoin 
or trimethadione. 

8. Suppressed by phenobarbital. 


SUMMARY 

1. The dose-time curve of agene-treated gluten was found to resemble a hy- 
perbola. The value for the threshold daily dose for accumulation to occur was 
found to be 70 mgm./kgm. for the dog and approximately 0.5 to 1.0 gm./kgm. 
or seven to fourteen times as great for the rabbit. These may be compared to 
acute toxicity values of 3.5 gm./kgm. for the dog and 10 gm./kgm. for the rabbit. 

2. A considerable residue of the toxic effect tending to produce increased 
sensitivity on repeated administration remained after an interval of ten days. 

3. The previous administration of agene-treated gluten in doses sufficient to 
produce ataxia lowers the threshold of reaction to metrazol. This reaction has 
properties of both canine hysteria and metrazol convulsion. 

4. Hydration produced by the administration of water does not appear to 
precipitate fits in dogs administered sub-effective doses of agene-treated gluten. 

5. Neither the administration of ammonium chloride nor sodium citrate affects 
the production of canine hysteria by agene-treated gluten. 

6. Neither diphenylhydantoin nor trimethadione suppresses canine hysteria. 
Diphenylhydantoin and possibly also trimethadione potentiate the production 
of convulsions and death by agene-treated gluten. 

7. Phenobarbital antagonizes the production of canine hysteria. 
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A problem suggested by the anticipated use of aromatic amines as adjuvant 
in aviation gasoline has led to the incidental observation that under conditions 
of hypoxia the methemoglobinemic activity of certain of these compounds is 
attenuated. Xylidine, the compound regarded as a potential hazard to aviation 
personnel, was tested in pilot experiments for its methemoglobinogenic effect 
in dogs by skin application at simulated altitude and at ground level, but was 
found to produce little or no methemoglobin (MHb) under either condition. 
Because of the known ability of cats to react with methemoglobinemia to per- 
cutaneous xylidine (1), this species was then used with the result that less MHb 
was found at altitude than at ground level. In order to explore further the 
effect of hypoxia on MHb formation in dogs, administration of aniline by skin 
application and intravenous injection, and injection of aniline metabolic inter, 
mediates and sodium nitrite, was undertaken at normal and reduced pressures- 

Procedtjke. Before, and at appropriate intervals after administration of a test sub- 
stance, blood samples obtained by venipuncture were assayed for MHb and total hemoglo- 
bin (Hb) content according to the method of Horecker and Brackett (2), using their appara- 
tus or the simplified photometer of Andrews and Horecker (3). The 1:10 dilution of blood 
in distilled water or borate buffer was made as soon as the blood samples were drawn, 
thereby stabilizing the MHb concentration. A large decompression chamber having a 
ventilation rate of 25 cubic feet per minute was used to induce hypoxemia. Exposures to 
reduced pressure were carried out at 27,000 to 28,000 feet simulated altitude and lasted 4 to 
6 hours; ascent to altitude took place at a rate of 6,000 feet per minute after intravenous 
(i.v.) injection. Exposure to lowered atmospheric pressure was accomplished as soon as 
possible after administration of the test substance except on one nitrite run and in tests 
with the “active intermediates" when injection was done and blood samples were drawn 
at simulated altitude. Samples were taken ordinarily in anoxia experiments by bringing 
the animals down abruptly and returning them to altitude as quickly as possible after 
venipuncture. 

Except in the case of nitrosobenzene which was prepared in 50 per cent propylene glycol 
in water, all materials for injection were made up in water solution. Solutions to be in- 
jected were prepared fresh before each test and in an identical manner for ground and alti- 
tude runs using the same glassware and syringes for each. The animals were injected in the 
jugular vein, and whenever it appeared the solution was not injected entirely within the 
lumen of the vein, the test was discontinued. 

Results. I. Intravenous aniline. In preliminary experiments a marked 
difference was noted between normal and hypoxemic cats in the level of MHb 
attained after cutaneous application of xylidine. 'When administered in repeated 
small doses for several days, xylidine caused much less MHb in animals exposed 
simultaneously to reduced pressure than in controls at ambient pressure. When 
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xylidine was given to cats, or aniline administered to dogs in a single large 
cutaneous dose, the level of MHb attained was less in hypoxemic animals during 
but rose to concentrations attained in the controls following exposure to simulated 
altitude. The relative anoxemia appeared to have an inhibitory influence on 
the development of Heinz bodies (measured by the method of Horecker (4)) in 
cats given xylidine cutaneously, but not enough data was available to be certain 
of this point. 

In order to determine the effect of anoxia on MHb formation independent of its 
influence on skin absorption, intravenous administration was employed. Fifteen 
mgm./kgm. of aniline 1 were given intravenously to three dogs at ground level on 
a number of occasions, and the MHb concentration was followed in blood samples 


TABLE 1 

Afaiimai per cent MHb following i.v. aniline 15 mgm./kgm. 
Ground level 



DATE 


DATE 


6/20 | 9/4 

9/6 1 9/7 

n 

9/14 

9/17 

10/16 

11/23 

11/26 |m/10 

12/17 

12/21 


1/23 

urn | i/s 

3/29 

1.... 

20.2 25.8 

29.625.0 

2S.3 

22.1 

26. 7 

21.3 

34.6 

27.3125.7 


24. C 

4.... 

32.4 

mm 

28.3 

2.... 


25.0 27.3 

27.0 

21.2 

26.1 

28.8 

28.6 

27.9126.4 

25.8 

BE 1 

5. . . . 

27.0 

23.2 

19.1 

3.... 

36.0,33.7 



39.6 

41.5 

39.7 

37 .4j30, 1,38. 1 

32.9 

6.... 

32.1 

31.2 23.1 

30.2 


Altitude 



DATE 


DATE 


6/15 

6/11 

5/10 

10/15 

10/18 

10/19 

10/22 

10/31 

11/19 

11/28 


i/i 

2/4 

2/7 

1 

m 

9.8 

16.2 

7.6 

m 

7.7 


14.5 


20.1 

4 

21.0 

15.5 


2 

12.8 

■ 1*0 


16.2 

16.8 

11.6 

12.5 


17.6 


5 

16.2 


10.1 

3 

22.6 

14.7 





15.7 

19.6 


17.7 

5 



8.3 


taken at 30 to 45 minute intervals between 2 and 5 hours after injection. This 
process was repeated several times in the same animals with the difference that 
they were exposed 4 to 5 hours to 28,000 feet simulated altitude immediately 
following injection. The results of these tests and of a series of identical runs 
made on another group of 3 dogs are shown in table 1 . Again less metheraoglobin 
was found in anoxic animals than in ground controls. In table 2, it is 6ecn that 
this applies, also, though to a lesser extent, to a dose of 30 mgm./kgm. An 
analysis of variance of the maximum per cent MHb in 13 ground runs on three 
dogs showed significant differences between days and highly significant differences 
between the three dogs. The mean of the maximal MHb percentages found 
after 15 mgm./kgm. for dogs 1, 2, and 3 was 25.3, 25.7, and 3G.3, the least 
significant mean difference being 2.1 per cent. It was also evident that not 
only the MHb peak but also the time required for the MHb concentration to 
return to normal was greater for dog 3. 

II. Intravenous nitrite and aniline derivatives. It seemed not unlikely that the 

1 Purified by distillation at 184“ shortly before use. 
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impairment in aniline action at reduced pressure might be due to retardation of 
one or more of the oxidative steps by which aniline is converted to the active 
MHb-forming intermediate. In this case the methemoglobinemia from a 
compound such as NaNCh which acts stoichiometrically without metabolic al- 
teration should not be inhibited by anoxia. In fact, it ought to be possible 
after determining the effect of anoxia on MHb production by the several com- 
pounds representing stages in aniline oxidation to demonstrate at what point 
hypoxia interferes in the ability of aniline to form MHb. 

The procedure followed for the intravenous aniline experiments was carried 
out in the same manner in a series of runs giving sodium nitrite to three of the 
dogs. In most of the anoxia tests nitrite was injected at ground level and the 

TABLE 2 

Maximal per cent methemoglobin after i.v. aniline SO mgm./kgm. 

Ground Level 


2/9 

4/10 and 4/12 

Dog 1 

52.1 

Dog 4 

52.2 

Dog 2 

47.0 

Dog 5 

35.6 

Dog 3 

61.8 

Dog 6 

52.7 






Altitude 


DATE 


4/11 

4/12 

4/15 

Dog'l 1 

40.6 

Dog 3 

54.3 

Dog 3 1 

62.7 

Dog 2 

36.8 

Dog 4 

44.4 

Dog 5 

25.5 





Dog 6 

24.8 


animals were taken to 28,000 feet within six minutes of the time of injection. 
The process of bringing them down for samples and returning to altitude usually 
required 7 minutes. Samples were taken at 20 to 40-minute intervals over the 
period f to 2 hours after injection. A ground level and an altitude run were made 
administering nitrite to another group of three dogs, and in the latter the nitrite 
was injected and samples were taken at altitude. The data with nitrite which 
are summarized in table 3 show that at least as high a level of MHb, if not a 
slightly higher one, occurs at reduced pressure. The individual variation in 
maximal methemoglobinemia after aniline in which the mean for dog 3 was 37 
per cent greater than that for dogs 2 and 3 was less obvious after nitrite when 
the mean for dog 3 was 9 and 2 per cent greater than that for dogs 1 and 2, re- 
spectively. 

Several similar experiments were attempted administering the oxidation 
products of aniline: nitrosobenzene 2 and p-aminophenol. Here the injection 

! Preparation of Edcan Laboratories, South Norwalk, Conn. (Received shortly before 
use.) 
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was made and blood samples were taken and diluted at reduced pressure. Ni- 
trosobenzenc was given at a dose of 2.5 mgm./kgm. or a total dose of 11.0 mgm. 
(dogs 1-6) at ground level and altitude. The dose of p-aminopkenol was 10 


TABLE 3 


Maximal per cent MHb following i.v. sodium nitrite 17 mgm./kgm. 
Ground Level 


J DATE 

DOC* 1 

DATE 

7/20 : 

7/24 

7/26 & 
8/9 

8/10 

»/» 

8/31 | 

1 9/5 & 

! 9/18 ■ 

10/9 ( 

4/9 

27.0 

27.0 

25.5 ! 

28.5 

26.8 

27.0 

31.9 

26.3 

5A 

25.9 

26.9 

2G.3 

29.6 

29.3 

33.8 

30.0 

30.9 ! 

27.8 

6A 

25.0 

29.6 

29.1 

30.4 | 

29.6 

31.4 

30.4 


29.9 

8 A 

39.1 


Altitude 


POQ 

DATE 

DOO* 

DATE 

9/5 

9/10 

9/12 

9/18 

4/15 

1 

30.4 

31.0 

33.5 

34.5 

37.2 

iA 

24.6 

34.8 

39.5 

2 


3 

SA 




* Dogs 5A, 6A, and 8A received 20 mgm./kgm. on both runs. 


TABLE 4 


Effect of anoxia on methemoglobinemia from aniline derivatives (i.v.) 


DPUO 

V 

DOC 

j 11 AX DIAL PE* CENT MHb POSHED 

Ground level 

Altitude 

Nitrosobenzene 

i 

41.3 

32.9 


2 

40.0 

33.1 


3 

54.8 

35.7 


4 

53.0 ! 

43.9 


5 

38.1 

23.0 


6 

50.8 

34.3 


12 

38.1 

26.5 


13 

48.1 

27.0 


20 

44.4 

33. S 


21 

5S.8 

44.8 

P-amlnophenol 

9 

24.2 

7.6 


10 

32.3 

13.1 


11 

23.0 

9.8 


mgm./kgm. The results of these runs are shown in table 4 in which it is seen 
that anoxia inhibits MHb formation by both of the aniline intermediates. 
Discussion. The effect of oxygen tension on the formation of MHb was 
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discussed by Neill and Hastings in 1925 (5). - They found that the rate of in 
vitro oxidation of Hb solutions by pneumococcus extract is the resultant of two 
reactions which are affected oppositely by oxygen tension. The autoxidizable 
substance in pneumococcus extract which oxidized Hb required a certain minimal 
oxygen tension to furnish adequate concentration of the oxidized form. On the 
other hand, a high oxygen tension, in light of the fact that reduced Hb rather 
than oxyhemoglobin is the form susceptible of oxidation, did not favor MHb 
formation in vitro. In the pneumococcus extract-hemoglobin system an oxygen 
tension of 20 mm. proved optimal. Brooks has shown similarly (6) that the 
autoxidation of purified Hb to MHb in solution occurs most readily at low oxygen 
pressures, since the concentration of the oxidizable form of hemoglobin in- 
creases with decreasing oxygen pressure. The latter consideration would be in 
harmony with the high MHb levels after nitrite at altitude but would appear to 
be incompatible with the low levels after aniline unless the oxidation of aniline 
or the autoxidation of the compound actually responsible for the catalytic MHb 
formation is greater at atmospheric oxygen tension (152 mm.) than at the ten- 
sions maintained in the anoxia experiments (49 mm.). That the autoxidation 
of the active intermediary of aniline may be impaired at altitude is suggested by 
the attenuation of nitrosobenzene activity during hypoxemia. Presumably the 
oxidation of aniline to the hypothetical intermediate may also be effected. It is 
evident the optimum oxygen tension for MHb formation by aniline must lie 
above that for the pneumococcus extract. Keilin and Hartree state that nitro- 
sobenzene forms a complex with Hb in vitro which breaks down only in the 
presence of oxygen to give MHb and a reduced form of nitrosobenzene (7). 

In vivo the fluctuation of oxygen partial pressure favors the oxidation of Hb 
by these substances by making available in venous blood high concentrations 
of reduced Hb and in arterial blood high enough oxygen tensions to permit oxida- 
tion of the amine group or autoxidation of the reduced form of the catalytic 
agent. 

Individual variation in methemoglobinemia after oral but uniformity of re- 
sponse after i.v. administration of aniline was noted by Cox and Wendel (8). 
Our experiments demonstrate the greater susceptibility of one of the three dogs 
which were subjected to a series of injections. Since the per cent MHb was more 
nearly the same in these dogs after nitrite it would seem the greater and more 
prolonged methemoglobinemia from aniline in dog 3 must be an idiosyncrasy 
for aniline alone. In vitro experiments 3 with erythrocytes of the six dogs used 
in tables 1 and 2 have shown that the cells of all dogs develop about the same 
level of MHb from a standard dose of nitrite and that the rate of MHb reduction 
is about the same for all dogs except dog 4, which is considerably slower. 

SUMMARY AND CONCLUSIONS 

(1) Hypoxemia reduces the per cent MHb attained in dogs after intravenous 
aniline, p-aminophenol or nitrosobenzene but not that reached after i.v. nitrite. 


* Unpublished results. 
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(2) Reduced atmospheric pressure inhibits MHb formation resulting from 
cutaneous application of xylidine in cats or aniline in dogs. 

(3) Daily variation in response to intravenous aniline and individual variation 
in this respect have been encountered. The individual variation in reaction to 
aniline was not observed in response to nitrite. 
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The concentration of carbon dioxide (and therefore bicarbonate) available 
for metabolic processes in the brain may be an essential factor in the induction 
and prevention of convulsive seizures. Gibbs, Lennox, and Gibbs (1) have 
observed that the carbon dioxide content of both the arterial and the internal 
jugular blood is unusually high in patients with convulsive seizures. Altera- 
tions in the carbon dioxide tension of blood passing through the brain have a 
profound effect on the abnormal electrical activity of the brain, grand mal 
being accentuated by high tension of carbon dioxide. 

From the biochemical point of view carbon dioxide is an essential factor in 
regulating many phases of tissue metabolism. One may assume that during 
convulsive seizures some disturbances in one or more of the processes regulated 
by the presence of carbon dioxide (and bicarbonate) occur. 

Many metabolic processes modified by carbon dioxide (and bicarbonate) 
are not yet identified but the processes involved in carbon dioxide uptake and 
release are well studied. Carbonic anhydrase is the enzyme that accelerates 
the solution and evolution of carbon dioxide (CO* -f H»0 H 2 C0 3 ). An 

inhibition of the activity of carbonic anhydrase may reduce the uptake of bi- 
carbonate from brain by the blood. 

In the following the effect of certain convulsant and anticonvulsant agents 
on the activity of carbonic anhydrase was investigated to ascertain whether 
these substances exert any effect on the activity of this enzyme. 

Method. The effect of the convulsant and anticonvulsant agents on the activity of 
carbonic anhydrase was studied by two colorimetric methods based on the method of 
Brinkman (2) consisting of estimating the reaction velocity in the presence of carbonic 
anhydrase of either (a) the hydration of carbon dioxide or (b) the dehydration of carbonic 
acid. Both processes were studied since modification of the enzyme activity reflects to an 
equal degree on both hydration and dehydration processes and the results obtained by in- 
vestigation of the two processes, if parallel, serve to control each other. 

Dehydration experiments. (Method described by Florkin, 3) — Y-shapcd tubes of a 
total volume of 4 cc. were used. The single branch having a volume of about 1 cc. was 
closed and the two open parallel branches were equipped with airtight ground glass stoppers. 
The Y-shaped tubes were standing on their closed ends in a container filled with crushed ice. 
About 2 cc. of chemically pure mercury were introduced first, then 1 cc. of distilled water 
containing NnHCOj in a concentration of 5 X 10~ J ilf was pipetted into one side branch and 
the following solutions into the other: (1) 1 cc. of distilled water (previously saturated with 
air) containing NaH,PO< in concentration of 1 X 10 _I ilf and phenol red in concentration of 
5 X 10 -5 ilf, (2) the convulsant and anticonvulsant agents, (3) 0.01 cc. of cither (a) distilled 
water, or (b) a solution of carbonic anhydrase, or (c) the solution of carbonic anhydrase 
previously boiled and cooled. Both side branches were carefully stoppered expelling all 
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air apace between the solutions and the stoppers by addition of some mercury, if necessary 
The stoppers were held tightly in place with springs 

The tube was placed carefully into the ice and kept there for at least 10 minutes to secure 
cooling to 0°C Afterwards, the tubes were inverted a few times to secure complete and 
rapid mixing by the mercury and were replaced into the ice The time elapsing between 
this mixing and the occurrence of the color change (from yellow to pink) was noted Usu- 
ally several tubes were run in parallel containing m duplicate tho following mixtures 
bicarbonate, phosphate with phenol red, and cither (1) carbonic anhydrase, or (2) carbonic 
anhjdraso with a convulsant or anticonvulsant agent, or (3) boiled carbonic anhydrase, or 
(4) boiled carbonic anhydrase with a convulsant or anticonvulsant agent 

Controls Mixtures without carbonic anhydrase and with boiled carbonic anh>drase 
served as controls 

Hydration (Method described by Leiner, 4) — The experiments were performed as 
described above except that 1 cc of distilled water containing carbon dioxide in a conccntra 
tion of 0 5 X was pipetted into one side branch of the Y shaped tube and the follow- 

ing solutions in the other (1) 1 cc of distilled w atcr containing NaHCOa in a concentration 
of 2 X NajCOj m a concentration of 2 X 10~W, and phenol red in a concentration of 

1 X (2) the convulsant and anticonvulsant agents, (3) 0 01 cc of either (a) distilled 

water, or (b) carbonic anhydrase, or (c) boiled and cooled carbonic anhydraso 

Controls Mixtures without carbonic anhydrase and with boiled carbonic anhjdrase 
served as controls 

Convulsant and anticonvulsant agents The substances w ere used in very low con 
ccntrations (1 X 10 -4 to 1 X to cause negligible changes in tho buffering ability of 

the bicarbonate carbonate and bicarbonate phosphate solutions For this reason the effect 
of a large number of know n convulsant and anticonvulsant agents could not be tested All 
substances used w ere tested for their effect on the reaction velocity of solution and evolu 
tion of carbon dioxide in the absence of active carbonic anhydrase Any change in the 
velocity of color change due to the presence of the convulsant and anticonvulsant agents 
was taken in consideration by tho calculation 

Preparation ov carbonic anhydrase Carbonic anh>drase was prepared following 
the method of Meldrum and Roughton (5) Human blood was withdraw n from the cubital 
vein and defibrinated by stirring with a glass rod Tho red blood cells were separated by 
centrifugation and were w ashed three times w ith cold isotonic saline solution Cold saline 
solution was used to decrease the inactivation of tho enzyme by heat To 10 cc w ashed red 
cells 6 cc distilled w ater and 4 cc ethyl alcohol were added and tho mixture was shaken at 
room temperature for about one minute adding 5 cc chloroform On centrifuging for about 
10 minutes at 3500 rpm a three phasic sjstem is formed, consisting of a top lajer of enzyme 
solution, a central layer of denaturated protein, and a bottom layer of chloroform The 
top layer may be kept for many weeks in the refrigerator without an appreciable loss of its 
enzymatic activity 

The enzyme solution w as prepared daily from this stock solution and contained ns much 
enzyme as w as needed to complete the color changes in one minute if added to the mixtures 
in a volume of 0 01 cc The reaction time in the absence of the enzyme was three minutes 
Calculation — hydration experiments The time elapsing between mixing the solu 
tions and the occurrence of the end point of color chango from purple to > ellow w as measured 
with astop watch The colorchange can be detected with an accuracy of less than 1 second 
The reaction time in the mixtures containing carbonic anhydrase without convulsant and 
anticonvulsant agents (on the average 60 seconds) served as 100 per cent The reaction 
time in the presence of the convulsant and anticonvulsant agents was expressed as a per 
centage of 60 seconds This treatment of tho results is permissible because, within wide 
limits, the reaction time and enzyme activity are inversely proportional Ail results devi- 
ating from 100 per cent by more than twice the square root of the sum of the squares of tho 
standard error of mean of the controls and the standard error of mean of the experiments 
were considered significant effects (2 \/S E ‘(control) ± S L ‘(experiment)) 
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TABLE 1 


Effect of convulsant and anticonvulsant agents on hydration of carbon dioxide by 

carbonic anhydrasc 


SUBSTANCE 


REACTION TIME OF MIXTURES CONTAINING TnE SUBSTANCES 
EXPRESSED IN PER CENT OF THE REACTION TIUE Op MIXTURES 
WITHOUT THE SUBSTANCES (FOLLOWED BE THE STANDARD ERROR 
OF MEAN).* 


Concentration o( the substances in mols. 



nr* 

nr» 

10"* 

Acetylcholine 

154 ± 1.4 

132 ±1.2 

140 ± 1.9 

119 ± 1.1 

138 ± 1.3 

124 ± 1.4 

133 ±1.2 

Camphor 

111 ± 0.5 
118 ± 0.9 

154 ± 1.5 

Dichlorodiphenyltrichloroethane 

Digitoxin 

Pentamethylene tetrazol 

140 ± 1.0 



Picrotoxin 

146 ± 2.0 


, 

Scilliroside 

147 ±2.2 

137 ±1.5 

113 ± 1.0 

Strychnine 

120 ±1.7 

120 ±0.4 

140 ± 1.0 

100 ± 0.3 

Ouabain 

113 ±1.2 




Hydantoin 

65 ± 1.3 

81 ± 0.9 


Methyl-phenyl-ethyl hydantoin 

72 ± 1.8 

80 ± 1.1 


Phenobarbital 

60 ± 1.5 

68 ± 1.7 






* Each value represents the average of ten separate experiments. 


TABLE 2 

Effect of convulsant and anticonvulsant agents on dehydration of carbonic acid by 

carbonic anhydrasc 


REACTION TIME OF MIXTURES CONTAINING THE SUBSTANCES 
EXPRESSED IN PER CENT OF THE REACTION TIUE OF MIXTURES 
WITHOUT THE SUBSTANCES (TEN EXPERIMENTS FOR EACH GROUP) 


SUBSTANCE 


Concentration of the substances in mols. 



10-« 

10-» 

nr* 

Acetylcholine 

150 

140 

130 

Camphor 

150 


— 

Dichlorodiphenyltrichloroethane 

— 


— 

Digitoxin 

— 

125 

150 

Pentamethylene tetrazol 

150 


— 

Picrotoxin 

140 

125 

— 

Scilliroside 

160 

150 

— 

Strychnine 

120 

120 


Ouabain 

120 

150 


Hydantoin 

50 

70 

— 

Methyl -phenyl-ethyl hydantoin 

60 

60 

— 

Phenobarbital 

60 

70 



Dehydration experiments. Since the buffer combination used permits a gradual 
change of the color from yellow to pink, detection of the endpoint of the reaction is very 
difficult with an accuracy of less than 10 per cent. For this reason the results were not 
treated statistically. 
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Results. The activity of carbonic anhydrase was inhibited in the presence 
of the convulsant agents used (acetylcholine, camphor, dichlorodi phenyl tri- 
chloroethane, digitoxin, pentamethylene tetrazol, picrotoxin, scilliroside, strych- 
nine, and ouabain) in concentrations of 1 X 10 -4 M and less, the greatest in- 
hibition being, on the average, 54 per cent (see tables 1 and 2). 

The activity of carbonic anhydrase increased in the presence of the anti- 
convulsant agents used (hydantoin, methyl-phenyl-ethyl hydantoin, and pheno- 
barbital) in concentrations of 1 X 10" -4 M and less, the greatest increase of 
activity being, on the average, 50 per cent (see tables 1 and 2). 

Discussion. Nerve activity under an adequate supply of oxygen does not 
parallel the activity of carbonic anhydrase. Membrane and spike potentials 
of animal nerve (6) and human encephalogram (7) in the presence of sulfanil- 
amide, a specific inhibitor of carbonic anhydrase 1 (8), resemble those of objects 
with uninhibited carbonic anhydrase. Under anoxic conditions, however, 
membrane and spike potentials decrease if carbonic anhydrase is inhibited (6). 
Therefore, at least under anoxic conditions, there are indications that carbonic 
anhydrase contributes to the maintenance of optimal nerve function. 

The results presented in this investigation suggest that convulsant agents, by 
inhibiting the activity of carbonic anhydrase (from blood and probably from 
brain), decrease the removal of carbon dioxide and bicarbonates from the brain. 
This mechanism may be one of the means by which convulsant agents induce 
their effect. Furthermore, anticonvulsant agents,’ by increasing the activity of 
carbonic anhydrase (from blood and probably from brain), increase the removal 
of carbon dioxide and bicarbonates from the brain. 

SUMMARY 

1. The effect of certain convulsant and anticonvulsant agents on the activity 
of carbonic anhydrase was investigated. 

2. The activity of carbonic anhydrase was inhibited by convulsant agents 
in low concentrations. 

3. The activity of carbonic anhydrase was increased by anticonvulsant agents 
in low concentrations. 

The authors wish to express their gratitude to Dr. C. R. Noller for the generous 
supply of the scilliroside and to Sandoz Chemical Works, Inc., for the methyl- 
phenyl-ethyl hyd ant oin . 
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Following the discovery of the adrenergic blocking action of Dibenamine 
(N-(2-chloroethyl)dibenzylamine-HCl) by Nickerson and Goodman (1, 2) 
it was found that other 2-halogenated ethylamines exerted similar action or 
exerted both antihistamine and adrenergic blocking action (3-14), as with the 
1-naphthalenemethylamines (10). The present article concerns the antihist- 
amine and adrenergic blocking action, as well as the acute toxicity, of a series 
of 2-(2-biphenylyloxy)-2'-chlorodiethylamines (table 1) which are characterized 
by the following structural formula: 


/\ 


/v H 2 H 2 / 

A-o-c-c-n 
\ 
V 


R, 


R 2 


Ri — alkyl 

R 2 — 2 — chloroalkyl or alkyl 


Aqueous solutions of the hydrochloride salts were freshly prepared for use in daily experi- 
ments since compounds of this type are known to be unstable, especially if heated or in 
alkaline solution. These various alkyl homologues were all readily soluble in water to the 
extent of 1.0 per cent or more. 

Several types of tests were applied to detect pharmacological activity and partially to 
evaluate the activity in relation to acute toxicity. Initially, evidence of the ability of com- 
pounds to block epinephrine was accumulated by determining which compounds diminished 
the toxicity of epinephrine in mice, and then the majority of compounds were tested for 
antihistamine action as indicated by their ability to diminish the severity of histamine- 
induced bronchiospasm in guinea pigs. The acute oral toxicity was then determined in 
mice. Finally, further information relating to antihistamine, adrenergic blocking and 
atropine-like action was gained by ascertaining whether intravenous injections in anesthe- 
tized dogs effected diminution or blocking of the pressor responses to epinephrine or of the 
depressor responses to small doses of histamine and acetylcholine. 


RESULTS 

A. Acute oral toxicity and reduction of epinephrine toxicity in mice. The ability 
of compounds to diminish the toxicity of epinephrine injected in mice con- 

1 We gratefully acknowledge the assistance of Parke, Davis and Company for financial 
support and the compounds which were synthesized by Drs. G. Rieveschl, Jr., and R. W. 
Fleming. 

* Present address: Department of Physiology, Boston University School of Medicine, 
80 East Concord Street, Boston 18, Mass. 
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Btituted presumptive evidence of adrenergic blocking action. Details regarding 
this screening procedure (9) as well as its application in determining the activity 
of a series of 1-naphthalenemethylamines (10) have been published. Essentially 
the method consisted of administering orally two or more doses of each compound 
to groups of twenty mice which were injected intraperitoneally -with epinephrine 
hydrochloride two hours later. In forty control groups of twenty mice each 

TABLE 1 


The antagonism of epinephrine and histamine 


Comp. No.* 

H, lit 

— O— c — c-s 

R» 

Ri 

f -Ha 

R» 

EEBUCTION OT l 
EPINEPHStNE ! 
TOXICITY IN 
MICE EPrtCTIVE 
OBAL DOSE} 

± S. E. 

ACUTE 
TOXICITY 
OBAL, MICE 
ID* ± S. E. 

BATIO or 

CEAL tO M 

TO OEAL 
dose er- 
rrcnvE 

AGAINST IN- 
NEPQUNS 

DWlNimON 
or BtSTAUlKK- 
INDUCED 
BSONCntO- 
8PASU IN 
CUINZA PIGS 
U.Z.P., SUBC. 




tntm fkgrt. 

mtmjktm. 


WX«./4|«. • 

1 

Methyl 

2-chloroethyl 

6.0 ± 1.1 

903 ± 63 

150 

1.5 

2 (SY-8) 

Ethyl 

2-chloroethyl 

5.0 ± 0.6 

759 ds 53 

151 

6.0 

3 

n-Propyl 

2-chloroethyl 

3.1 ± 0.6 

944 tfc 48 

304 

12.6 

4 

Isopropyl 

2-chloroethyl 

4.8 ± 0.6 | 

922 ± 71 

192 

>12.5 

5 (SY-30) 

n-Butyl 

2-chloroethyl 

3.0 ± 0.3 

749 ± 36 

249 

>25.0 

6 

Sec.-butylj 

2-chloroethyl 





7 

iBobutyl 1 

2-chloroethyl 

4.5 ± 0.3 

1159 db 72 

m m 


8 

n-Amyl 

2-chloroethyl 

2.6 ± 0.3 

1060 ± 42 

mm 

>12.5 

9 (SY-74) 

n-Hexyl 1 

2-chloroethyl 

3.4 rh 0.6 

959 ± 78 

282 

>25.0 

10 

Allyl 

2-chloroethyl 

2.5 ± 0.4 

955 rh 38 

382 

>12.5 

11 

Ethyl 

2-chloropropyl 

21.0 ± 5.3 



12.5 

12 

Ethyl 

Ethyl 

Ineffective 







at 60 




13 

2- (3-Biphenylyloxy) -2'* 

“ 





chlorotriethylamine 





14 

2- (2-Cyclohexylphenoxy) - 

“ 



>25.0 


2'-chlorotriethylamine 





15 

3- (4-Bipbenylyloxy)-N-(2- 

“ 





chloroethyl)-N-ethyl - 






propylamine 






•'The hydrochloride salt was used in all instances. 

t The effective oral dose represents the calculated amount required to reduce mortality 
of mice from 67.0 to 33.5 per cent following intraperitoneal injection of a standard dose of 
epinephrine (cf. ref. 9 for details). > 

treated with saline and injected with epinephrine the mortality was 67.0 ± 1.53 
per cent. With each test compound, determination was made of the dose which 
would protect one-half of the mice, i.e., reduce mortality from 67.0 to 33.5 per 
cent. 

Examination of the doses required to reduce epinephrine toxicity (table 1) 
indicates that approximately the same degree of activity was exerted by all the 
alkyl liomologues (nos. 1 to 10) which possessed a 2-chloroethyl group. A 
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remarkable degree of activity is indicated by the fact that small oral doses rang- 
ing from 2.5 to 6.0 mgm./kgm. were effective. Modifications in chemical 
structure which lessened activity are comparable to those found in the study of 
derivatives of Dibenamine (15) and 1-naphthalenemethylamine derivatives 
(10). Addition of a single carbon atom in the chlorinated alkyl group greatly 
reduced activity (compare nos. 11 and 2) and absence of the chlorine atom caused 
loss of activity (no. 12). Furthermore, no activity was demonstrated with 
compounds in which the side chain was in the 3-position of the biphenyl group 
(no. 13) or after saturation of one phenyl ring (no. 14). 

With each of the most active compounds the small magnitude of the oral 
effective dose is in sharp contrast to the large oral LDto determined also in mice 
as previously described (10). The appreciable ratio between LDso and the 
effective dose (table 1) indicates a good factor of safety, at least in mice, and 
since the LD E o always exceeded 750 mgm./kgm. the acute toxicity data would 
not eliminate any compound from further consideration as a possible effective 
adrenergic blocking drug with low toxicity. 

It is of interest that these adrenergic blocking compounds as well as the others 
we have investigated, not only reduced mortality following epinephrine injection 
but markedly alleviated symptoms. In treated mice the fur remained sleek in 
appearance following epinephrine injection and did not become erect to give the 
mice a noticeable rounded contour. Motor activity remained nearly normal 
and mice seldom assumed a sprawling position as when definitely intoxicated 
with epinephrine. Rapid and dyspneic breathing were less noticeable. It 
should be mentioned that no bloody, frothy exudate appeared at the nostrils 
even in the mice receiving only epinephrine, which is in contrast to the effects of 
epinephrine noted in rabbits (16, 17). Adrenergic blocking drugs also diminished 
the ability of epinephrine to cause exophthalmia and opacity of the cornea. 
Thus, adrenergic blocking drugs prevented almost all of the usual changes in 
behavior and appearance of mice injected with toxic doses of epinephrine. 

When large doses of the biphenylyloxyethyl derivatives were administered 
orally to mice, no definite evidence of hyperexcitability, tremors or convulsions 
occurred. Ataxia and depression were apparent and dyspnea, as well as as- 
phyxial type of convulsive movements, were usually observed in terminal 
stages. Deaths were most common within one or two hours, with only a few 
deaths occurring thereafter up to a total of five days. The low incidence of late 
deaths lessens the possibility that death is commonly closely related to complete 
and prolonged blocking of adrenergic effector organs which might cause death 
by interfering 'with temperature regulation or other functions partially con- 
trolled by the sympathetic nervous system. 

B. Diminution of histamine-induced bronchiospasm in guinea pigs. Represen- 
tative compounds from the series under investigation were injected subcu- 
taneously in groups of twelve guinea pigs 30 minutes before subjecting the 
animals to an histamine aerosol which killed 92 per cent of those in a control 
group of twelve animals. Effectiveness of compounds in reducing bronchio- 
constriction and asphyxial death is indicated by the magnitude of the approxi- 
mate minimal effective doses (table 1) required to reduce mortality. 
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Antihistamine action was greatest with the methyl homologue (no. 1) which 
was effective in a dose of 1.5 mgm./kgm. Activity decreased progressively ns 
methyl groups were added to the alkyl chain (nos. 2 to 9) and was decreased by 
substitution of the 2-chloropropyl for the 2-chloroethyl group (compare nos. 
11 and 2). None of these compounds exerted an antihistamine action compa- 
rable in degree to that of diphenhydramine hydrochloride (Benadryl), pyranis- 
amine (Neoantergan), tripelennamine (Pyribenzamine) and other antihistamine 
drugs which are employed clinically. Since lengthening of the alkyl chain pro- 
gressively decreased antihistamine action, it is apparent that such action was 
not proportional to the epinephrine antagonism demonstrated in mice which 
appeared to be undiminished by lengthening of the alkyl chain. 

G. Epinephrine and histamine antagonism in dogs. The majority of com- 
pounds were injected into one or more dogs anesthetized with pentobarbital 
sodium under conditions which permitted a study of blood pressure responses 
for detection of epinephrine blocking or reversal, antagonism of the depressor 
action of histamine and evidence of atropine-like action as indicated by di- 
minished depressor responses to acetylcholine. These experiments were con- 
ducted in a manner identical to that employed during the study of 1-naphthalene- 
mcthylamines (10). Two intravenous injections of epinephrine hydrochloride 
(10 microgm.), acetylcholine bromide (25 microgm.) and histamine diphosphate 
(50 microgm.) were made prior to slow intravenous injection (2 minutes) of a 
test compound. Beginning 10, 00 and 120 minutes after injection of the test 
compound, injections of each of the pressor and depressor drugs were repeated 
twice. Table 2 contains the mean of the several averaged paired responses 
occurring before treatment and at the 10 to 30 nnd 120 to 150 minute periods 
after treatment, and the differences are indicative of the degree of antagonism 
which occurred with each of three representative alkyl homologues. 

In doses of 3.0 mgm./kgm., intravenously, the ethyl (no. 2 or SY-8), n-butyl 
(no. 5 or SY-30) and n-hexyl (no. 9 or SY-74) all blocked the pressor responses to 
injected epinephrine; reversal frequently occurred ns indicated by the fact that 
the mean differences recorded (table 2) are greater than the control pressor 
responses. 

In one-half or three-fourths of the dogs treated with each compound there 
was an immediate, small, fleeting, pressor response to epinephrine which was 
usually followed by a hypotension. These pressor spikes were not considered 
in measuring and recording the hypotensive responses (table 2), except when no 
reversal occurred, in which case the pressor response was considered as a di- 
minished pressor response to epinephrine. It is probable that the initial pressor 
spike is caused by epinephrine acting on the heart and causing an increased 
cardiac output which is not diminished by reasonable doses of known adrenergic 
blocking agents (2, 10). Epinephrine reversal occurred within 10 minutes nnd, 
as the data reveal, was undiminished after 150 minutes when the experiments 
were terminated. Thus, epinephrine antagonism was rapid in onset and of 
long duration. The data do not suggest that the higher alkyl homologues 
(nos. 5 and 7) were any more effective than the ethyl compound (no. 2) and thus 
neither dog nor mice experiments revealed signifleant differences in potency. 



TABLE 2 


Effect of three 2-(2-biphenylyloxy)-2'-chlorodiethylamines on pressor responses to epinephrine 
and depressor responses to histamine and acetylcholine in dogs 





| EPINEPHRINE HYDROCHLORIDE 10 MICRO CM. 

COUP. NO. 

DOSE I.V. 

NO. EXPTS. 

Control 

mean 

pressor 

After treatment, mean difference i S. E.* 











10-30 min. 

P 

120-150 min.f 

p 

response 


mgm./kgm. 


mm. Hg 

mm. Us 


mm. Hg 


2 

3.0 

4 

35.5 

40.1 ± 10.2 

0.03 

54.5 ± 9.6 

0.01 

SY-8 








ethyl 

5 

3.0 

5 

24.6 

34.2 ± 7.1 

0.01 

29.4 ± 5.1 

<0.01 

SY-30 

n-butyl 

9 

SY-74 

n-hexyl 

3.0 

4 

36.0 

47.3 ± 2.8 

0.01 

46.2 ± 2.8 

<0.01 

' 



HISTAMINE DIPHOSPHATE 50 MICRO CM. 




Control 

mean 

depressor 

After treatment, mean difference dfc S. E.J 











10-30 min. 

P 

! 120-150 min.f 

p 

response 




mm. Hg 

mm. Hg 


mm. Hg 


2 

3.0 

4 

37.9 

30.4 ± 5.5I 

0.01 

18.4 ± 5.0 

0.04 

SY-8 








ethyl 

5 

3.0 

5 

38.9 

26.8 ± 7.0 

0.02 

23.5 ± 6.6 

0.02 

SY-30 
n -butyl 

9 

SY-74 

n-hexyl 

3.0 

4 

44.2 

25.1 ± 4.4 

0.01 

16.0 ± 5.7 

0.07 


! 


ACETYLCHOLINE BROMIDE 25 MICROGM. 




Control 

After treatment, mean difference ± S. E.f 




mean 

depressor 








10-30 min. 

p 

120-150 min.t 

P 

response 




mm. Hg 

mm. Hg 


mm. Hg 


2 

3.0 

4 

35.0 

14.1 ± 6.5 

0.1 

11.6 ± 8.3 

0.3 

SY-8 








ethyl 

5 

3.0 

5 

35.8 

8.02 ± 3.0 

0.07 

11.9 ± 5.0 

0.1 

SY-30 

n-butyl 

9 

SY-74 

n-hexyl 

3.0 

4 

1 

38.1 | 

! 

1 

7.20 ± 8.2 

1 

1 

1 

0.4 

11.2 ± 5.8 

0.15 


* Mean differences greater than the control pressor responses indicate epinephrine re- 
versal (depressor response), and those which approximately equal control responses indi- 
cate marked diminution or blocking. After treatment with each of the three drugs, 
epinephrine usually elicited a pressor spike ranging from 5 to 30 mm. Hg which preceded 
the depressor response. 

t Data related to responses at the 60 to 90 minute interval are omitted since they were 
nearly identical to those recorded for the 120 to 150 minute interval. 

} Depressor responses to histamine and acetylcholine were not blocked as indicated by 
mean differences which never equal the control values. 
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Likewise, each of the three alkyl homologues diminished the depressor re- 
sponses to histamine a comparable degree, even though the n-butyl and n-hexyl 
compounds (nos. 5 and 9) had failed to diminish histamine-induced bronchi o- 
constriction in guinea pigs following doses of 25.0 mgm./kgm., subcutaneously. 
The wide differences in antihistamine potency based on reactions of bronchiolar 
muscle in guinea pigs were not apparent from the altered depressor responses 
to histamine in dogs. Possibly the vascular reactions do not readily reveal 
differences in potency or the various alkyl homologues have a selective antihista- 
mine action on some vascular components which is similar for the various com- 
pounds. Interpretation is difficult because of differences in animal species 
and routes of administration. The data suggest that the antagonism of the 
depressor effects of histamine was somewhat decreased 120 to 150 minutes after 
treatment. The compounds usually failed to significantly reduce the mean 
depressor responses to acetylcholine and since reduced responses were inconstant 
and not of great magnitude it is concluded that no significant degree of atropine- 
like action was demonstrated. 

One or more identical experiments were made in dogs with most of the re- 
maining compounds in the series. Comparable results were obtained with all 
the alkyl homologues which contained a 2-chloroethyl group. No epinephrine 
or histamine antagonism or atropine-like action was exerted when tho chlorine 
atom was substituted with hydrogen (no. 12) and no activity was exhibited 
following alterations in or on the biphenyl nucleus (nos. 13, 14, 15). In sum- 
mary, the results indicate that the mouse screening method revealed adrenergic 
blocking activity which was confirmed in dogs, and antihistamine action was 
indicated by responses of bronchioles in guinea pigs and depressor responses in 
dogs. The 2-chloroethyl group was essential for maximal adrenergic blocking 
and histamine antagonism. 

Discussion. Adrenergic blocking action proved to be the most prominent 
pharmacological action of 2-(2-bipheny]yloxy)-2 / -chlorodiethylamine derivatives 
in which tho tertiary nitrogen atom contained a 2-chloroethyl group and an 
alkyl group. A weak antagonism of histamine was exerted by the lower alkyl 
homologues (methyl, ethyl and n-propyl) as indicated by diminished histamine- 
induced bronchiospasm in guinea pigs. These compounds as well as the higher 
alkyl homologues (n-butyl and n-hexyl; table 2) appeared to exert appreciable 
diminution in the ability of histamine to effect depressor responses in dogs. 
The results suggested that antihistamine action was more easily elicited on the 
vascular system of dogs than on bronchiolar smooth muscle of guinea pigs. None 
of the compounds decreased the depressor responses to acetylcholine sufficiently 
to establish a significant degree of atropine-like action. 

Qualitatively, these 2-(2-biphcnylyloxy)-2'-chlorodiethj4amines are compa- 
rable to the 1-naphthalcnemethylamines recently described (8-11) although 
some compounds in the latter series proved much more potent with respect to 
both adrenergic blocking and antihistamine action. These 2-halogenated 
ethylamines which exert dual antagonism of epinephrine and histamine differ 
from related compounds, Dibenamine (1, 2, 15, 18) and benzhydrylamincs (3, 
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9), which are less potent with respect to adrenergic blocking action and exert no 
important degree of histamine antagonism. In comparison ■with these com- 
pounds Dibenamine is unique by virtue of its slow onset of action. Dibenamine 
and the 2-halogenated ethylamines which we have investigated have the com- 
mon property of long duration of action. 

More evidence concerning adrenergic blocking action was adduced in 
the experiments with N-[2-(2-biphenylyloxy)ethyl]-N-(2-chloroethyl)butyl- 
amine-HCl (SY-30 or no. 5 in tables 1 and 2) which induced epinephrine re- 
versal in dogs, blocked or reversed pressor responses to anoxia and to nicotine 
injections, and significantly diminished pressor responses to carotid occlusion 
( 8 , 11 ). 


SUMMARY 

2-(2-Biphenylyloxy)-2'-chlorodiethylamines with N-substituted alkyl and 
2-chloroethyl groups exerted a moderate degree of adrenergic blocking action 
in mice and dogs and diminished the depressor action of histamine in dogs. 
The lower alkyl homologues weakly antagonized the bronchioconstrictive 
action of histamine in guinea pigs. In dogs, depressor responses to acetyl- 
choline were not significantly diminished. The properties of these compounds 
are briefly compared and contrasted to those possessed by other 2-halogenated 
ethylamines. 
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Mescaline, 3 ,4,5 ,triroethoxyphenylcthylamme, produces hallucinations in the 
visual modality. This phenomenon has been extensively investigated from a 
psychiatric and a psychological point of view, but only very few studies of the 
chemical fate of mescaline in man are available, while to our knowledge, there 
are no data concerning the physiology of the visual mechanism in response to 
mescaline. 

t The hallucinations produced by this drug are due to a great extent to the 
presence of methoxyl groups in the mescaline molecule, since beta-phenylethyl- 
araine, a homologous substance without methoxyl groups, does not cause hal- 
lucinations. However, the methoxyl groups alone are not sufficient to produce 
hallucinations since Slotta and Muller (1) showed that trimethoxyphenylacctic 
acid, the in vitro oxidation product of mescaline, does not produce hallucinatory 
phenomena in man. It is evident, therefore, that the amino group in the side 
chain also plays an essential part. 

Slotta and Muller were able to isolate from the urine of mescaline-fed humans 
a substance which contained one methoxyl group only, thus indicating that some 
of the mescaline ingested is metabolized. Their experiments revealed also that 
trimethoxyphenylacetic acid is not a step in the in vivo decomposition process. 
They did not investigate whether or not mescaline was excreted unchanged in 
the urine. However, Richter (2) showed that after oral ingestion of mescaline 
hydrochloride (191 mgm. base), 58 per cent was excreted unchanged in the urine 
about 18 hours after ingestion. This observation is in agreement with the 
findings of Bemheim and Bcmheim (3), and Blaschko (4) that the presence of 
methoxyl groups renders the mescaline molecule more resistant to oxidation. 

In this investigation of mescalinized human subjects, we were concerned 
primarily with two points: 1. A quantitative estimation of the urinary excretion 
of the methoxyl groups of mescaline. 2. Color perception before and after 
medication to determine if changes in this physiological function are correlated 
with visual hallucinations. 

Expekimental. Six subjects were used in this investigation. The following doses were 
given : 200 mgm. mescaline sulfate* (137.8 mgm. base) to one schizophrenic fcmnle; 300 mgm. 


* This investigation was supported in part by funds of the Frank Phillips Foundation, 
and the Simon Grant for Research. Presented in part at the annual meeting of the Fed- 
eration of American Societies for Experimental Biology, Chicago, Illinois, May 10-23, 1947. 

* Present address: University of Rochester School of Medicine and Dentistry, Rochester, 
New York. 

* The mescaline sulfate was generously supplied by the Hoffmann-La Roche Company. 
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mescaline sulfate (20G.7 mgm.base) to one schizophrenic male and one schizophrenic female; 
400 mgm. mescaline sulfate (275.6 mgm. base) to two schizophrenic males and one neurotic 
male. All doses were given orally in the morning while the subjects were in a fasting state. 
Detailed information concerning the subjects used, the hallucinatory responses, and changes 
in visual imagery, will be published elsewhere. 

1. Urinary excretion of mclhoxyl groups. Urine specimens were collected prior to medica- 
tion and at stated intervals for 18 hours (2, 4, 6, 10, 14, 18) thereafter. A 40 cc. aliquot from 
each urine sample was extracted for mescaline by first adjusting the pH to about 9 with 
KOH and then extracting twice with an equal volume of a 1:1 mixture of toluene and 
isobutylalcohol. Preliminary experiments had shown that this mixture was superior for 
the extraction of mescaline. The extract was dried with anhydrous sodium sulfate. An 
appropriate aliquot of the dried extract was used for the determination of methoxyl groups 
following a modification of the Zeisel method (5). The validity of the forementioned 
method was tested for known amounts of mescaline added to urine samples. The error of 
recovery was plus or minus 4 per cent. Methoxyl groups were never found in urines of 
nonmedicated subjects. 

After the content of methoxyl groups of aliquots of urines was determined, the remainder 
of all the urine samples of one particular patient was combined and extracted after alkalini- 
zation with the toluene-isobutylalcohol mixture. These extracts were used for the identifi- 
cation of mescaline and the investigation of the presence of possible breakdown products. 
Mescaline was isolated and identified as the picrate by the following method. The solvent 
(toluene-isobutylalcohol) was evaporated in vacuo. The brown residue thus obtained was 
treated with hot water, and the undissolved material was filtered off. The latter was dried 
in vacuo and then developed a resin-like consistency. From the filtrate, crystalline mes- 
caline picrate was obtained and purified by repeatedly dissolving in acetone and precipitat- 
ing with petroleum ether. Mescaline picrate thus obtained melted at 217-220° C. uncor- 
rected. The mixed melting point with an authentic sample of synthesized mescaline 
picrate showed no depression. 

A sample of the resin-like material mentioned above was analyzed for the presence of 
methoxyl groups. The Zeisel test revealed that the material contained methoxyl groups. 
In addition a qualitative test for methoxyl and other alkoxyl groups devised by Tobie (6) 
was applied to the resin-like material and gave a positive result. Identification of the 
methoxyl-containing substance or substances present in the resin-like material was not 
attempted. 

2. Color perception. Color perception was tested within two days prior to the admin- 
istration of the drug and again 30 to 180 minutes after the drug was given. 

The apparatus used was devised by H. B. Molholm 4 who will describe it in a forthcoming 
publication. It is based on the principle that when lights of different intensity are seen in 
rapid alternation, the effect is one of flicker. When the intensity of the two sources is 
nearly equivalent, the flicker disappears, and the subject perceives one steady light. In 
this device a single source was used to produce a white light of constant intensity, and a 
second beam alternated with it. The second beam was modified by passage through a 
variable density Eastman film, manipulated by the subject. In addition, the second beam 
could be presented untinted or could be passed through a color filter. The following filters 
were used: nile green, sextant green, emerald green, lighthouse red, red-yellow, and blue. 

The variable light was always presented in greater intensity than the fixed. The subject 
was instructed to turn a dial which increased the density of the film. When he signified 
that the light no longer flickered, he was told to reverse the movement and find the point 
at which flicker was barely apparent. This was used as the end point. The threshold for 
each color was determined three to five times at each testing and the mean value was used, 
numbers being read from a scale fixed to the variable film. The threshold for white was 


* We wish to thank Dr. Molholm for making this apparatus available to us for this 
investigation. 
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determined before and after each battery of color tests. All color determinations were 
corrected for any shift in the threshold for white, the latter accounting for changes in the 
illumination, the speed of the motor which alternated lights, and the ability to perceive 
flicker as distinguished from color sensitivity. 

Results and comments. 1 . Urinary excretion of melhoxyl groups. The 
various data obtained in this investigation are shown in table I. The majority 
of the methoxyl groups determined are considered to be representative of 
mescaline excreted unchanged in the urine. However, the resin-like material 


TABLE I 

Urinary excretion of mcthoxyl-containing cum pounds 


SUBJECT 

sex 

WT. 

DO 

| Mescaline 

ss 

Methoxyl 

YOIUME | 

UBINX IN 18 
nouxs i 

TOTAL | 

iiErnoxYL 
EXCBETED IN 

IS no ubs 

, METHOXYL 
EXCBETED TO 
METHOXYL 
INCESTED 



kgtn. 

mgm. 

tngm. 1 

cc. 

rtgm. 

Per cent 

Et 

M 

93.6 

275.0 

11S.5 

990 

43.2 j 

36.4 

P*.... I 

M 

63.0 

275.6 

118.5 

975 

31.0 j 

26. 1 

J* 

M 

70.5 

275. C 

113.5 

1520 

16.3 1 

13.7 , 

c* 

M 

55.5 

206.7 

8S.9 

2195 

I 34.7 

3S.9 

s* 

F 

43.4 

j 206.7 

SS.9 

690 

14.5 

16.2 

A* 

F 

63.2 

137. S 

59.3 

665 

j 6.1 

8.6 


* Schizophrenic, 
f Neurotic. 


TABLE II 


Change in color perception after mescaline ingestion 


SUBJECT 

DOSE 

MESCALINE 

EUEBALD 

CBEEN 

NILE CBEEN 

SEXTANT 

CBEEN 

BED*YELLOW 

LIGHTHOUSE 

BED 

BLUE 

E 

275.0 

-4 

-1 

-10 

-2 

-5 

-15 

P 

275.6 

39 

-6 

l 

0 

0 

4 

j 

275.6 

— 17 

-5 

■ 0 

-14 

13 

6 

c 

206.7 

-15 

-14 

-12 

-8 

-24 

-22 

S 

206.7 

-3 

-10 

-4 

-9 

-22 

-G ■ 

A 

137.8 

-6 

-9 

-7 

-1 

-16 

—2 


which remained after water extraction of the residue of the combination of all 
the toluene-isobutylalcohol extracts of all the subjects contained less than 10 per 
cent of the total methoxyl groups extracted. It might be assumed that this 
resin-like material contained one or a mixture of the breakdown' products of 
mescaline. Therefore, no conclusions may be drawn concerning the type of 
molecule to which these methoxyl groups in the resin-like material are attached. 
Essentially this finding is in accordance with that of Slotta and Muller (1) who 
claimed that not all of the mescaline ingested leaves the body unchanged. 

Although only a small percentage of the methoxyl groups excreted belonged 
to breakdown products of mescaline according to our experiment, we have pre- 
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ferred to express the excretion of the drug in table I in terms of methoxyl groups. 
The percentage of total methoxyl groups excreted in 18 hours to total methoxyl 
groups ingested varied among the subjects between 8.6 and 38.9 per cent. These 
values are lower than the value reported by Richter of 58 per cent, but while the 
excretion curve of Richter’s subject showed that at 18 hours after medication 
mescaline excretion had approached the zero line, similar excretion curves of our 
subjects indicated that the mescaline had not all been excreted in this period of 
time. In addition, the quantitative difference in these two sets of data might 
be explained by the fact that we determined methoxyl groups of the urinary 
extract whereas Richter measured the amino groups present. 

The average peak excretion of mescaline of our subjects at six hours post 
medication is in agreement with the maximum excretion time of Richter’s 
subject. It is worth mentioning at this point that the most intense hallucinatory 
response of each subject as reported to the observers occurred in each case before 
the peak urinary excretion of methoxyl groups. 

Further experimentation along this line with a series of normal subjects as 
well as schizophrenic subjects may explain from a metabolic point of view the 
difference mentioned by Slotta and Muller between the hallucinatory response 
to mescaline of normal and schizophrenic subjects. 

2. Color perception. Table II shows the corrected changes in scores for color 
perception after mescaline ingestion. A negative value indicates a decreased 
color perception following the drug. The general trend is toward a decrease in 
perception. One of the schizophrenics showed a marked increase for emerald 
green, and a slight increase in blue, while another schizophrenic who also re- 
ceived 275.6 mgm. mescaline showed a slight increase in blue. The decreases 
in perception were greater for those receiving the smaller doses. 

All subjects were ranked according to the following variables: dose, vividness 
of hallucinations, amount of methoxyl groups excreted, average change in color 
perception, and change of each individual color. Thus the subject having the 
greatest excretion would receive a rank of 1 for that variable, the subject ex- 
creting the next greatest amount a rank of 2, etc. Each of these variables was 
correlated with each other by means of the rank order method. 

The following correlations were found to be significant at the 5 per cent level: 

Vividness of hallucinations — Change in color perception —.94 

Vividness of hallucinations — Nile green —.89 

Change in color perception — Nile green +.94 

Sizable, but not statistically significant correlations suggested that the larger 
doses were associated with more vivid hallucinations, greater absolute and relative 
excretion of methoxyl groups and, to a lesser degree, with total amount of urine 
excreted. The initial suppression of urine was compensated for by a greater 
flow in the latter hours of observation. On the other hand, color perception, 
particularly for lighthouse red and nile green, was more impaired by small doses 
than by large ones. 

Vividness of hallucinations was definitely not associated "with impairment of 
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color perception ns is shown by the large negative correlations with average 
change in color perception and with nile green. 

The correlations involving average color change and the individual colors 
suggest that the effect is manifested throughout the entire range rather than in 
any particular range. 


SUMMARY 

The urinary excretion of mcthoxyl groups was followed quantitatively over an 
18-hour period in 5 schizophrenic subjects and 1 neurotic subject after the in- 
gestion of mescaline sulfate. Mescaline was identified in the urinary extracts, 
and the majority of methoxyl groups determined may be considered to be 
present as mescaline. Mcthoxyl groups belonging to breakdown products of 
mescaline were found in a resin-like residue of the urinaiy extract. 

Orally administered mescaline sulfate (200-400 mgm.) produced visual hal- 
lucinations and impairment of color perception. Large doses were associated 
with greater excretion and more vivid hallucinations than were small doses. 
The greatest impairment of color vision was observed in those subjects receiving 
smaller doses. 

We wish to thank Dr. Edwin F. Gildea, Dept, of Neuropsychiatry, for his 
-nterest in this investigation. 
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The use of phenylmercuric acetate as a spermaticide has raised the question 
of how much mercury may be absorbed from the vaginal tract. From the 
results of clinical studies Eastman and Scott (1) concluded that approximately 
3 to 4 per cent of the mercury instilled into the human vagina was recoverable 
in a 24-hour catheter specimen of urine immediately following repeated exposure. 
These investigators assumed that this amount represented the total absorption, 
but were unable by this means to assess the amount of mercury that' might 
have been absorbed and stored in the tissues. In the experiments to be reported 
it will be shown that the absorption of mercury, as reflected by its storage rather 
than by its excretion, can be far greater. 

The principle applied in these experiments on the rat depends on the storage 
of mercury chiefly in the kidney, and liver (2) as a measure of absorption. It is, 
of course, obvious that the mercury lodging in these tissues represents only a 
part of that which has been absorbed, since other tissues, and particularly the 
excreta, are concerned. Nevertheless it has been shown elsewhere (2) that the 
amount of mercury retained, for example, by the kidney in 24 hours, may repre- 
sent from 30 to 40 per cent of the total amount in the remainder of the carcass. 
When one considers that the kidney and the liver together make up approxi- 
mately of the body weight, the concentrating effect of these tissues on mercury 
is at once apparent. 

Method. Young female rats were used. They were lightly anesthetized, a small 
pledget of cotton inserted into the vagina and a solution of phenylmercuric acetate injected 
into the cotton. The use of the cotton pledget was optional, being necessary only in those 
cases where fluid instillations greater than 0.05 cc. were applied. The animals were placed 
in specially designed (3) leather holders fastened to the bottom of the cage, and confined 
thus for 24 hours. At the end of this time they were sacrificed and the liver and kidney 
tissues analyzed for mercury (4). In all but one or two instances the cotton pledgets were 
retained for the full 24 hours. For most of the work an aqueous 0.05 per cent solution of 
phenylmercuric acetate was prepared. This is the same concentration used in a commercial 
preparation in which the chemical is dispersed in a jelly. An attempt was made to use 
doses in the rat comparable to those in the human. Assuming an application of 4 gm. of 
jelly per average 50-kgm. individual, this amounts to 24 microgm. of mercury per kgm- 
In order to achieve the same level in the rat, it would require only 0.02 cc. of a 0.05 per 
cent solution. Such amounts proved to be too small for practical operations and therefore 
a somewhat larger amount, 9 microgm. per average 250-gm. rat, was set as the lowest level. 
This was 50 per cent larger than the average human dose, but still well below the amount 
which could produce vaginal irritation. Because of mechanical losses the amount of fluid 
injected into the vagina of the rat had to be limited to 0.1 cc. In some of the later expen- 
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men is, where larger amounts of mercurj were used, it was necessary to increase the concen- 
tration to 0 2 per cent These higher concentrations caused moderate to severe irritation 
to the mucosa. 

Results. In table I are shown the results of a comparison between a com- 
mercial preparation of phenylraercuric acetate in a jelly, and an aqueous solu- 
tion — both at 0 05 per cent concentration. With the mercury content of the liver 
and kidney as a relative measure of absorption, it is at once apparent that 
significant amounts of mercury have been absorbed by the vaginal mucosa and 
this observation is emphasized by the fact that control animals treated m a 
like manner, except for the substitution of distilled water, showed only occasional 

TABLE I 

Amount of mercury found in the livers and kidneys of individual rats immediately following a 
24-hour vaginal exposure to a 0 05 per cent solution of phenylmercurtc acetate 
(D mtctogm mercury per rat) 


IN AQUEOUS SOLUTION 1 

IN WATER SOLUBLE JELLY j 

CONTROL 

Liver 

kidney 

Total 

Amount 
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Liverj 

Kidney 

‘Amount 

Total i Injec 
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micregrt mercury 

per cent 
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i i 1 
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2 1 

3 7 

41 
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1 2 

2 8 

31 

0 

0 

I 0 

1 1 

0 78 

1 9 

20 
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1 0 

1 2 

14 
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Trace 
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0 70 

2 2 

24 | 

1 7 

1 7 

3 4 

37 




— 
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1 7 

0 75 

2 5 

| 27 




Average 


28 

— _ 











j Average 


1 « 



I . 


* A quantity of mercury of the order of 0 1 microgin or less 


traces of mercury in the tissues under examination. It is clear also that the 
jelly preparation neither enhanced nor interfered with the absorption of mercury. 
Because of the considerable variability in the individual storage responses of the 
animals included in these assay groups, differences between averages would have 
to be of the order of 25 per cent before they could be considered significant 
(p = 0 05). 

The blood supply to the vaginal mucosa is closely controlled by the oestrus 
cycle of the animal. It may be assumed therefore that during oestrus, when 
the mucosa is engorged with blood, a more favorable condition for absorption 
might be obtained Accordingly, six animals were exposed during oestrus and 
six during anoestrus The results are shown in table II. It can be seen that 
the per cent absorption of mercury', as measured by the content of the metal m the 
liver and kidney, remains unaffected by the condition of the vaginal mucosa. 

Since the smallest quantity of mercury' administered on a per kgm. basis was 
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50 per cent greater in the rat than in the human, it became of interest to define 
the relationship between the amount of mercury instilled into the vagina and 
the amount recovered in the liver and kidney tissue. This is shown in table III. 
It can be seen that whereas the total amount of stored mercury tended to in- 
crease in an orderly fashion with increase in amount applied, the per cent increase 
in no way followed the same pattern. This may be accounted for by the obser- 
vation that larger amounts of mercury produce vaginal irritation. Such a reac- 
tion may reduce the absorptive capacity of this tissue. 

TABLE II 


The effect of oestrus and anoeslrus on the absorption of mercury from the vaginal mucosae of 
( individual rats . (9 micragm. mercury per rat in water-soluble gelatin) 


OESTRUS 

ANOESTSUS 

Liver 

Kidney 

Total 

Amount 

Injected 

Liver 

Kidney 

Total 

Amount 

injected 

mxcrogm. mercury 

per cent 

mxcrogm. mercury 

per cent 

1.5 

1.5 

3.0 

33 

1.2 

1 1.5 

1 2.7 

30 

1.9 

1.2 

3.1 

34 

1.7 

I 1.3 

I 3.0 

33 

2.6 

1.3 

3.9 

42 

6.9 

2.0 

2.9 

32 

1.6 

0.75 

2.3 

26 

1.7 

1.2 

2.9 

32 

2.2 

1.4 

3.6 

46 

2.7 

1.4 

4.1 

45 

2.3 

1.4 

3.7 

40 

2.9 

1.3 

4.2 

46 

Average 

37 

Average 
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TABLE III 

Relation between the amount of mercury in contact with the vaginal mucosa and the amount 
which is recovered in the liver and kidney in 84 hours * 


Micrograms mercury injected 

9 

18 

36 

Mierograms mercury found in liver 




and kidney tissue 

2.8 

4.1 

8.8 

Per cent recovered 

1 31 

23 

24 


* Average of 12 rats at each level of exposure. 


In view of the repeated use of phenylmercuric acetate as a contraceptive, 
it becomes of interest to determine at what rate stored mercury is discharged 
from the liver and kidney after a single application. At the end of the 24-hour 
period at which the rats were usually sacrificed, the vaginal tract was carefully 
washed to free it as far as possible from residual amounts of mercury. The 
animals were then released from their holders and allowed to live 24, 48 and 
168 hours after the end of the exposure. At the end of this time they were 
sacrificed and liver and kidneys analyzed for mercury. 

The results can be seen in table IV. It is apparent that once the mercury 
has entered the organism, its removal is at best slow. This is particularly true 
for the kidney, where, depending on the dose, from 50 to 80 per cent of the 
stored mercury is still present after a week. 
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The rate at which mercury accumulates in liver and kidney tissue during 
24 hours, expressed as per cent of the total amount applied, is shown in figure 1. 
It can be seen that the most rapid absorption of mercury occurs at the 15- 
microgtn. level. Here absorption is 75 per cent complete within the first 8 hours. 


TABLE IV 

Decrease with time of stored mercury tit liver and kidney. Vaginal exposure £% hours 
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24 
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48 
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3.5 

19 
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5.7 
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168 1 

0 

2.1 ! 

2.1 

12 

16S 1 

0.98 

3.6 

4.6 

13 


36 UICKOCSAUS UEXCU1Y INJECTED 


* Average of 4 rats on each dose and at each period. 



Fiq. 1. Per cent of the Total Amount of Mercury at Vaginal Instillation Levels 
of 15, 30, 60 and 120 Micrograms ter Rat which is Stored in the Liver and 
Kidneys in 2, 4, 8, 16 and 24 Hours 

In contrast, the lag in absorption during the first 1G hours is clearly marked at 
the 30, GO and 120-microgm. levels. At these higher levels, it is not incon- 
ceivable that some interference with absorption may stem from irritative effects 
on the vaginal mucosa. 

Gross irritation of the vaginal mucosa has also been observed in rabbits when 
concentrations higher than 0.05 per cent phenylmercuric acetate were injected. 
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However, preliminary experiments on rabbits have completely substantiated all 
of the results on rats and indicate that the remarkable absorption of phenyl- 
mercuric acetate from the vagina is not limited to the rat. 

Discussion. The results here presented serve to point out the error of as- 
suming that the urinary excretion of mercury is a true measure of the absorption 
of this heavy metal. When small quantities of mercury are absorbed, they are 
stored and held with great tenacity, particularly by the kidney. This is not 
only borne out by the experiments reported in this paper, where 60 to 80 per cent 
of the mercury originally stored in the kidney is still present in this organ one 
week after a single vaginal exposure, but also by some preliminary 'studies on 
oral administration of phenylmercuric acetate (5). The results of this last 
investigation indicate a 25 per cent storage residue of mercury in the kidney one 
month after institution of a mercury-free diet. Although the quantity of 
mercury applied to the vaginal tract as a spermaticide is extremely small (24 
microgm. per kgm.), this in itself is of little importance. Rather, consideration 
should be given to the fact that from every exposure, a measurable amount of 
mercury is stored in the kidney, and in the case of the human, repetitive exposure 
over a period of years is possible. 


SUMMARY 

A method has been presented which shows that about 25 per cent of a dose 
of phenylmercuric acetate when instilled into the vagina of the rat can be 
absorbed and stored by the liver and kidney. 
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Since the initial studies of Bouvet and Staub (1) hundreds of antihistaminic 
compounds have been synthesized (2, 3). Although a dozen or more of these 
substances have become widely used for the treatment of allergic diseases, very 
little is known concerning their metabolism. Gelvin, McGavack and Drekter (4) 
utilized a modification of the Brodie test (5) for organic bases and reported on 
the change of concentration of these bases in the blood, urine and spinal fluid 
of patients receiving diphenhydramine -HC1 (Benadryl) or tripelennamine*HCl 
(Pyribenzamine). So far as this author has been able to ascertain no experi- 
ments have been published demonstrating antihistaminic activity in the body 
fluids of patients or experimental animals receiving antihistaminic drugs, even 
by means of the very sensitive pharmacological methods. 

Fleming and Rieveschl have synthesized Benadryl containing radioactive C 14 
(6) and their collaborators published a brief report on the distribution of this 
material in the viscera of the rat and guinea pig (7). 

In a search for a specific chemical method for the determination of at least 
some of the antihistaminic compounds, the well known cyanogen bromide test 
for pyridine was considered (8), especially since many antihistaminic drugs con- 
tain tlus radical. While the addition of cyanogen bromide to Pyribenzamine 
does not cause the development of the anticipated color, it was discovered that 
the resulting compound exhibited a brilliant blue fluorescence in filtered ultra- 
violet light. During the course of these studies the same test was mentioned 
in a review article by Huttrer (9). Mizzoni who described this method was un- 
able to detect thereby the presence of Pyribenzamine in the blood of dogs several 
minutes after the intravenous administration of relatively large amounts of the 
drug (10). 

In the experiments to be described, the cyanogen bromide test was applied 
to all the available antihistaminic compounds containing the pyridine radical 
in order to select those most suitable for further study. A survey of related 
compounds was made to ascertain the specificity of the method and optimal 
conditions for the test were determined. The application of this technic to the 
determination of the urinary excretion of the drugs will be described. Evidence 
for the chemical nature of the urinary excretion product of Pyribenzamine will 
be presented and discussed. 

*This investigation was aided by grants from the Elsa and William Menke Fund and 
from the Lasdon Foundation, Inc. 
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Experimental. I. Survey of antihistaminic compounds containing pyridine. Solutions 
containing 1000, 100 and 10 microgm./cc. of each of the following substances were prepared 
in distilled water: doxylamine (Decapryn succinate 2 ), pyranisamine (Neo-Antergan male- 
ate 3 ), tripelennamine (Pyribenzamine HC1 4 * ), chlorothen (Tagathen HCl 1 ), methapyrilene 
(Thenylene HCl 6 ), prophenpyridamine (Trimeton maleate 7 ), and Win 2848-2 HCl. 8 In- 
cluded for comparison were diphenhydramine (Benadryl HCl 9 ), Diatrin HCl, 10 thonzyl- 
amine (Neohetrnmine HCl 11 ), Phenargan HCl, 1 * phenindnmine (Thephorin tartrate 13 ), 
nicotinic acid, pyridine and 2-aminopyridine . The purity of these compounds was assumed. 

Four cc. samples of the 3 concentrations of each were mixed with 2 cc. of a saturated 
aqueous solution of cyanogen bromide prepared just prior to use from the crystalline com- 
pound (Eastman Kodak Co.). After \ hour the solutions were observed for the develop- 
ment of fluorescence under ultraviolet light. The intensity of the fluorescence produced 
by each compound is recorded in table I. It can be seen from this table that several of the 
compounds developed a color instead of a fluorescence. The same experiment was repeated 
with all of the substances but 1 cc. of a i per cent solution of p-aminoacctophcnone (11) 
was added prior to the addition of the CNBr. This coupling compound served to intensify 
the color developed but did so only with those substances which produced some color with 
the CNBr alone. These results are included in table I. 

All of the materials which developed a fluorescence emitted a blue color similar 
to that of thiochrome. Spectroscopic examination however revealed no sharp 
maximum. As in the case of thiochrome, the fluorescence of the reaction product 
of Pyribenzamine with CNBr is reversibly quenched by reducing agents. Thus, 
the addition of a 10 per cent solution of sodium hydrosulfite in 5 per cent sodium 
bicarbonate destroys the fluorescence which is then readily regenerated by the 
addition of hydrogen peroxide or other oxidizing agents. 

From the results shown in table I it is apparent that only those compounds 
with a nitrogen atom in the position ortho to the pyridine nitrogen developed a 
fluorescence with CNBr. Those drugs which contain pyridine but do not have 
this additional nitrogen atom in the molecule produce a color with the CNBr 
instead of a fluorescence. This was true, as expected, for both nicotinic acid 
and pyridine itself. The nitrogen in the ortho position is necessary for fluores- 
cence, but not sufficient since 2-aminopyridine does not develop a fluorescence. 

II. Quantitative fluorescence measurements. In order to obtain more accurate 
comparisons of the potentially fluorescent compounds, the method to be de- 
scribed was used. 

Five cc. samples of M/15 phosphate buffer pH 6.6 containing various concentrations of 
the antihistaminic compounds (as the acid salt) were mixed with 2 cc. of a freshly prepared 


2 Supplied by Wm. S. Merrell Co., Cincinnati, Ohio. 

3 Supplied by Merck & Co., Inc., Rahway, N. J. 

* Supplied by Ciba Pharmaceutical Products, Inc., Summit, N. J. 

8 Supplied by Lederle Laboratories, Pearl River, N. Y. 

6 Supplied by Abbott Laboratories, North Chicago, 111. 

7 Supplied by Schering Corp., Bloomfield, N. J. 

8 Supplied by Winthrop-Stearns, Inc., N. Y., N. Y. 

9 Supplied by Parke Davis & Co., Detroit, Mich. 

10 Supplied by William R. Warner & Co., N. Y., N. Y. 

11 Supplied by Wyeth Inc., Philadelphia, Pa. 

12 Supplied by Merck & Co., Inc., Rahway, N. J. 

13 Supplied by Hoffmann-LaRoche Inc., Nutley, N. J. 
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TA.BLE 1 


A comparison of the properly of various antikislaminic compounds to develop either a 
fluorescence or a color with cyanogen bromide 
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TABLE 1 — Continued 
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TABLE 1 — Continued 


NO. 
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CNBr 

alone 

Coupling 

agent 

13 1 

Nicotinic 
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T ^>COOH 

0 

1 
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14 

Pyridine 


0 

Orange 

Yellow 
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15 

2-aminopyr- 
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i 

O' 

0 

Yellow 
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2+. 
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saturated solution of CNBr. The mixtures were allowed to stand for $ hour and the in- 
tensity of the fluorescence developed was measured in a Pfaltz and Bauer Model A Fluoro- 
photometer using the filters provided for thiochrome determinations. (Ultraviolet filter 
with a maximum transmission at 370 m*i for the light source and a combination of No. 038 
yellow and No. 428 blue with a maximum at 460 mu for the photocell). The sensitivity of 
the instrument was adjusted so that a permanent glass thiochrome standard would give a 
reading of 10 on the galvanometer. 

Figure 1 graphically BUmmarizes the results of these observations. In this 
figure the galvanometer readings are plotted against the concentration of drug. 
It can be seen that all of the compounds with a single exception of Neo-Antergan 
show a linear relationship between the intensity of fluorescence (galvanometer 
readings) and the concentration of the material used. The compounds are listed 
in order of descending intensity of developed fluorescence; Win 2848-2 HC1 — 
Pyribenzamine HC1 > Thenylene HC1 > Tagathen HC1 > Neo-Antergan 
maleate. If the graph of fig. 1 is redrawn using moles as the abscissa instead of 
weight, the above order is not altered. 

III. Method and application of the test to urine. If the urine from a patient 
receiving Pyribenzamino is treated with alkali and shaken with an organic solvent 
(as in the Gelvin, McGavack and Drekter (4) modification of the Brodie test) 
the material obtained in the organic solvent does not fluoresce after the addition 
of CNBr. It was found that heating the urine after the addition of alkali 
liberated a substance (or substances) which was then soluble in benzene or other 
organic solvents. This substance developed a fluorescence with CNBr, Based 
upon this observation, the following method for the quantitative determination 
of these antihistaminic compounds was developed. 

In general and unless otherwise specified, the test was performed in the following manner: 
5 cc. of the subject's urine was placed in a glass stoppered 15 cc. centrifuge tube and made 
alkaline with 0.5 cc. of a 10 per cent solution of NaOH. The tube containing the alkaline 
urine was placed in a boiling water bath for 20 minutes, after which it was quickly cooled. 
Five cc. of benzene was then added and the tube stoppered and shaken vigorously 25 times. 
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Four cc. of the upper benzene layer was then transferred to another tube of the same type, 
This benzene solution was then shaken with 1 ce. of N/2 HC1. The lower aqueous layer 
was removed as completely as possible with a glass capillary and was transferred to a 15 cc. 
graduated test tube. The benzene solution was extracted a second time with 1 cc. of 
N/ 20 HCI and this was transferred in the same manner to the graduated test tube. The 
contents of the latter were then neutralized with N / 1 NaOH and the volume made up to 



Fio. 1 . The Intensity of Fluorescence Developed by Various Concentrations of 
Several Antihistaminic Compounds 


6 cc. by the addition of sufficient M/15 phosphate buffer of pH 6.6. To this was added 2 cc, 
of a freshly prepared saturated solution of CNBr. After l hour the contents were trans- 
ferred to the specially selected fluorophotometer tubes and the fluorescence measured as 
described above in Section II. 

The fluorescence developed is measured in § hour since it was found that after the addi- 
tion of the CNBr the fluorescence increases rapidly reaching a maximum within this period 
of time and remains constant for at least 18 hours thereafter. Figure 2 illustrates the rate 
of development of fluorescence of several different concentrations of Pyribenzamme added 
to normal urine. 

The amount and concentration of each of the reagents prescribed for the test were found 
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to provide a sufficient excess to insure maximum development of fluorescence. The benzene 
extraction and the subsequent acid washes were likewise found to yield maximum values. 
This holds true only for the range of concentrations of Pyribenzamine herein studied. 

Solutions of Pyribenzamine were prepared in Af/20 HCI, N / 20 NftOTI and in A//15 phos- 
phate buffers through a pH range of G.O to S.O. The fluorescence developed after the addi- 
tion of CNBr was the same in all instances with the single exception of the solution in A'/2G 
HCI which developed no fluorescence at all. The addition of strong acid or alkali to tho 
solutions after the fluorescence had already been developed caused no change to occur. 
These results were found to be true for Thenylene HCI and for Neo-Antcrgan maleato 
as well. 
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Fia. 2. The Development of Fluorescence with Time 


The heating of the urine of patients receiving Pyribenzamine was found to be a 
critical step in the test. The following experiments were done to determine the 
optimal conditions. 

Samples of urine from several patients receiving Pyribenzamine orally were tested as 
described above with the exception that, after the addition of the alkali, 5 cc. aliquots of 
each were heated in the boiling water bath for various periods of time. They were then 
extracted with benzene and the test wa9 completed in the usual manner. The results of 
one such experiment arc recorded in fig. 3 and are typical The yield of fluorescent material 
starts at zero and increases rapidly during the first 10 minutes of heating. It reaches a 
maximum in 15 minutes and remains approximately the same for the next 10 minutes after 
which destruction begins and the fluorescence decreases slowly but significantly. 

Pyribenzamine HCI wos added to a normal urine to give a final concentration the same 
as that estimated to be present in the patient's urine just desci ibed. This urine was made 
alkaline and was divided into 5 cc. aliquots which weie heated in the boiling water bath for 
various periods of time before the completion of the test. The results are shown in fig. 3 
along with those of the previous experiment. The fluorescence in this instance begins, of 
course, at a maximum and remains unchanged for the first 15 minutes, after which signifi- 
cant destruction of the material begins. 
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Four cc. of the upper benzene layer was then transferred to another tube of the same type. 
This benzene solution was then shaken with 1 cc. of N/2 HC1. The lower aqueous layer 
was removed as completely as possible with a glass capillary and was transferred to a 15 cc. 
graduated test tube. The benzene solution was extracted a second time with 1 cc. of 
N/20 HCI and this was transferred in the same manner to the graduated test tube. The 
contents of the latter were then neutralized with N/l NaOH and the volume made up to 
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6 cc. by the addition of sufficient M/15 phosphate buffer of pH 6.6. To this was added 2 cc. 
of a freshly prepared saturated solution of CNBr. After 4 hour the contents were trans- 
ferred to the specially selected fluorophotometer tubes and the fluorescence measured as 
described above in Section II. 

The fluorescence developed is measured in 4 hour since it was found that after the addi- 
tion of the CNBr the fluorescence increases rapidly reaching a maximum within this period 
of time and remains constant for at least 18 hours thereafter. Figure 2 illustrates the rate 
of development of fluorescence of several different concentrations of Pyribenzamine added 
to normal urine. 

The amount and concentration of each of the reagents prescribed for the test were foun 
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Five of the antihistaminic compounds which did not develop a fluorescence with CNBr 
were given to as many volunteers to determine whether their urinary excretion products 
would develop this property. Thus, Decapryn, Trimeton, Diatrin, Neohetramino and 
Thephorin were tried. The urine of each volunteer was tested by the CNBr method and 
all proved to be negative. However, those compounds which develop a color upon the 
addition of CNBr (Decapryn and Trimeton) also showed the development of the same color 
with their urinary excretion products . 

V. A comparison of the CNBr test with the Brodie test for organic bases. When 
the Gelvin, McGavack and Drekter modification of the Brodie test was applied 
to the determination of the concentration of organic bases in the urine of subjects 
receiving Pyribenzamine, the values obtained were found to be considerably 
lower than those by the CNBr test as described above. The obvious difference 
between the two methods is the heating of the urine in the latter. In order to 
clarify this discrepancy, the following experiment was performed on aliquots of 
a single sample of urine from a patient receiving Pyribenzamine. 

a) Four 5 cc. portions of this urine were each treated with 0.5 cc. of 10 per cent NaOH. 
Two were heated for 20 minutes in a boiling water bath, the other 2 were not. Each was 
then shaken with 6 cc. of benzene to which 0.1 cc. of isoamyl alcohol was added. Four cc. 
of this benzene layer was transferred to another tube and shaken with 0.4 cc. of N / 2 RC1 
and 8 times with 0.4 cc. of JV/20 HC1. These accumulated washings were made up to 10 cc. 
with distilled water. The color was measured in a Coleman Universal Spectrophotometer 
at 510 rap. The transmission values were converted into concentrations by means of 
reference to a standard curve. The standard curve was prepared by adding known amounts 
of Pyribenzamine HC1 to 5 cc. aliquots of a normal urine and submitting these to the test 
just described. 

b) The Bamo urino Bamplo used in a) was divided into another four 5 cc. portions and 
each was treated with 0.5 cc. of 10 per cent NaOH. Two were not heated, the other 2 wei e 
placed in a boiling water bath for 20 minutes. Each was submitted to the standard CNBr 
test. The galvanometer readings obtained were converted into concentrations by means 
of reference to a standard curve. 

The results of these comparisons are shown in table 2. These results arc 
identical with those obtained in a similar set of experiments in which ethylene 
dichloride was substituted for the benzene. It is seen that with the Methyl 
Orange test, which gives low values (3-4 microgm./cc.), the addition of heating 
increases the values approximately ten-fold. The values obtained after heating, 
are then about the same or but slightly higher than those obtained with the 
CNBr test. 

Experiments were done to determine whether the organic base that is extracted 
without heating (as in the Brodie test) contains some conjugated compound of 
Pyribenzamine. Although the details are not recorded, it was found that the 
compound in the urine which fluoresces is not extractable with benzene until it 
is heated with alkali. 

It was considered of interest to determine whether this compound occurs in 
the urine in combination with a protein or other large molecule. 

Therefore, a 10 cc. sample of urine from a patient receiving Pyribenzamine was placed 
in a dialyzing sac (cellophane-Visking Corp.) and dialyzed overnight at4°C. against 20 cc. 
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of M / 15 phosphate buffer of pH 6.6. Aliquots of the contents of the sac and of the dialysate 
were analyzed by the CNBr method. However, one portion of each was heated with alkali. 
The other remained unheated. The samples which were not heated failed to develop any 
fluorescence, indicating that no spontaneous dissociation had occurred. The original solu- 
tion in the dialyzing sac contained 40 microgm./cc. before dialysis, and after dialysis, was 
found to contain 14 microgm./cc. The buffer solution contained 13 microgm./cc. 

These results indicate an even distribution of the Pyribenzamine metabolite 
and a ready dialysis of the material without dissociation. 

VI. Antihistaminic activity of the compound obtained from urine. To the 
author’s knowledge, it has heretofore been impossible to demonstrate by means 
of bioassay, the presence of any substance in the blood or urine of patients taking 
antihistaminic medication which has any specific antihistaminic activity. It 

TABLE 2 


A comparison of the results obtained with a subject’s urine using both the Brodie test and the 
cyanogen bromide test on heated and unhealed samples 


URINE 

SAMPLE 

ALKALI 

PLUS 

brodie test 

CNBr test 

T 

Concentration 

Heading 

Concentration 



per ant 

microim./S cc. | 


mkroim./i cc. 

A1 

— 

so 

3 

— 

— 

A2 


87 

4 



B1 

Heat 

39 

48 



— 

B2 


42 

44 



Cl 





___ 

i 

0 

C2 




0 

0 

D1 

Heat 





46 

46 

D2 




44 

44 


was therefore of interest to determine whether an active material could be 
obtained from such a urine by means of the extraction procedure as used in 
the test. 

Accordingly, urine samples obtained from patients receiving Pyribenzamine were pooled 
to make a total of 500 cc. Fifty cc. of 10 per cent NaOH were added and the urine boiled 
for 20 minutes. The urine was extracted with an equal volume of benzene. The benzene 
layer was removed and was washed twice with 250 cc. of w'ater containing 25 cc. of 10 per 
cent NaOH. The benzene was then concentrated by evaporation in the cold to a volume 
of 25 cc. This material was then extracted with 2 cc. of N / 2 HC1 and again with 2 cc. of 
N / 20 HC1. The extracts were pooled, neutralized and made up to 7 cc. by the addition 
of ilf/15 phosphate buffer of pH 6.6. This is referred to as solution A and was found to 
contain 2.7 mgm./cc. of Pyribenzamine hydrochloride by the standard CNBr test. A 
control solution ( solution B) was prepared by treating 500 cc. of normal urine in the same 
fashion. A positive control was made by adding Pyribenzamine hydrochloride to an aliquot 
of solution B to give a final concentration of 2.7 mgm./cc. (as found in solution A). This 
is referred to as solution C. A solution D containing 2.7 mgm./cc. of Pyribenzamine hydro- 
chloride in physiological saline was prepared as a reference standard. 
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Each of these solutions was then tested for its antihistaminic activity through the kind- 
ness of Dr. John V. Soudi of the Pyridium Corporation. The test used was that of Castillo 
and de Beer (12) in which the ability of the solution to relax a histamine-induced spasm in a 
guinea pig’s tracheal chain is measured. Each solution was diluted appropriately (1:10,S00) 
to give a final concentration of about 0.25 microgra./cc. just before testing. 

The results are summarized in table 3 where it is apparent that the activities 
of solutions A, C and D are essentially the same within the limits of the experi- 
mental error of this method. The extractives from the urine of patients receiving 
Pyribenzamine (solution A) not only exhibited antihistaminic activity, but did so 
to the extent estimated from the CNBr test. 

In view of the antihistaminic activity shown by this urinary excretion product 
of Pyribenzamine, it can be inferred that the dimethyl ethylenediamine portion 
of the Pyribenzamine molecule is intact. From the fact that the material devel- 

TABLE 3 


The antihistaminic activity of the material obtained from the urine of a subject receiving 
Pyribenzamine orally 


PREPARATION 

RELAXATION Or HISTAMINE SPASM 


Percent 

80 


0 


67 


60 



* Solution B caused a Blow relaxation. This non-specific spasmolytic action was readily 
differentiated from the rapid relaxation induced by the other solutions. This effect was 
small and was taken into account by reference to the positive urine control C. 


ops a fluorescence with CNBr, it would likewise appear that the pyridine portion 
of the molecule is not only intact, but remains attached to the dimethyl ethyl- 
enediamine radical. 

VII. Identification of the urinary excretion product of Pyribenzamine. In a 
further attempt to prove the identity of the material obtained from the urine 
of patients receiving Pyribenzamine with Pyribenzamine itself, two additional 
experiments were performed. Material for these studies was obtained by pre- 
paring another solution from 800 cc, of urine in the same manner ns described 
for Solution A in section VI above. 

a) Isolation as the picrale. Seven cc. of the final solution estimated to contain a total 
of approximately 7 mgm. of Pyribenzamine was treated with a slight excess of a saturated 
aqueous solution of picric acid. The resulting precipitate was recrystallized 4 times from 
acetone. The hexagonal crystals melted sharply at 178°C. (uncorrected) without decom- 
position. Crystals of Pyribenzamine piernte were obtained in a similar manner from a solu- 
tion of Pyribenzamine hydrochloride. After 4 recrystallizations, its melting point was 
found to be tho same. Mixed crystals were prepared and revealed no depression in the 
melting point. 

b) Ultraviolet absorption spectrum. The remainder of this solution was submitted to 
ultraviolet spectrophotometric analysis at two different values of pH. The solution was 
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diluted 1:40 with ilf/15 acetate buffer of pH 3.6 and the same dilution was made in ilf/15 
phosphate buffer of pH 8.0. Each was estimated to contain 19 microgm./cc. by the CNBr 
method. Two standard solutions of 25 microgm./cc. of Pyribenzamine HC1 were prepared 
in the same buffers. Each solution was placed in an appropriate cuvette with an optical 
depth of 1 cm. and the optical densities were determined for wavelengths from 220 to 
340 mp. The plain buffers were used as blanks. The measurements were made with a 
Beckman Quartz Spectrophotometer, Model D. 

The results are shown graphical!}' in figures 4 and 5. Figure 4 shows the 
curves obtained with the known solution of Pyribenzamine at pH 3.6 and 8.0. 
The arrows indicate two maxima, one minimum and three isobestic points. 
Figure 5 shows the absorption curves obtained with the unknown solution. 


Ultraviolet absorption 
spectrum - ZOjulo^. / ml. 
pyribenzamine 
— 14/15 acetate buffer pH 3. 6 

— 34/15 phosphate buffer pH8.0 

f Wax. = Maximum 
Win. “Minimum 
Iso “Isobestic point 



290 310 

A in m/u. 


Fra. 4 


Within the limits of experimental error the same maxima, minima and isobestic 
points are apparent. It is to be noted in addition, that the concentration of 
Pyribenzamine as estimated by the CNBr method (19 microgm./cc.) conforms 
to the concentration that can be calculated from the optical density of the un- 
known solution at wavelength 310 mp (19.5 microgm./cc.). The strong absorp- 
tion of Pyribenzamine at 245 mp (pH 8.0) suggests another possible but some- 
what less sensitive method for the determination of perhaps a greater variety of 
antihistaminic compounds. 

VIII. Preliminary studies of urinary excretion. A group of 6 subjects vol- 
unteered for these studies. Three subjects ingested one 50 mgm. tablet of 
Pyribenzamine and the remaining 3 received 2 such tablets just following break- 
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fast. A unne sample was obtained just before taking the medication and at 
intervals thereafter. The total volume of each sample was noted and the con- 
centration of Pyribenzamme was determined in each by the CNBr method. In 
those instances where the urine samples contained too high a concentration of 



TABLE 4 


Concentration and amount oj Pyribenzamme excreted in urine Jollounng a single oral dose 

oj 50 mgm 


Trarx 

ELAPSED 

CONCENTRATION 
07 BRUO IN URINE 

VOLUME 07 UEDJE 
excreted 

TOTAL DRUG 
EXCRETED j 

RATE 07 EXCRETION 
07 PROG 

CUMULATIVE TOTAL 
Or DSCO EXCRETED 

hours 

micro gm /re j 

ec 

miCTDlm 

micro# rt /I hr 

microgm 

0 

0 

82 

0 

0 

0 

1 

1 

30 

30 

15 

30 

2 

12 

68 

696 

348 

726 

3 

4 

257 

102$ 

514 

1754 

4 

8 

120 

960 

4S0 

2714 

5 

13 

44 

572 

280 

32S6 

6 

10 

39 

390 

195 

3676 

S 

7 

48 

336 

84 

4012 

15 

1 6 

250 

400 

29 

4412 

22 

Trace 

150 

” 1 

— 



drug the determinations were repeated using an appropriate dilution. All the 
determinations were done in duplicate The variations encountered never ex- 
ceeded 10 per cent and were usually within 5 per cent The subjects were all 
ambulatory and engaged in their routine activities including eating and drinking. 
The results of one fairly typical experiment are recorded in table 4, whereas the 
results of all such determinations are summarized in figures 6 and 7. 
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In figure 6 the rate of urinary excretion expressed in terms of micrograms of 
drug excreted per \ hour is plotted against the time elapsed following the in- 
gestion of Pyribenzamine. In figure 7 the total amount of drug excreted is 
plotted against the same abscissa. It will be seen from these graphs that the 
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Fig. 6. The Rate of Urinary Excretion of Pyribenzamine by Subjects Receiving: 
a) 60 MGM AND B) 100 MGM. ORALLY 




Fiq. 7. The Total Urinary Excretion of Pyribenzamine by Subjects Receiving 
a) 50 MGM. AND b) 100 MOM. ORALLY 


maximum rate of excretion occurs between 11- and 4| hours, while the total 
amount of drug excreted continues to increase significantly for some 8-10 hours, 
after which there is but a slight additional rise. The maximum total excretion 
when approximated from the asymptote to these curves is about 6-11 per cent 
of the amount of drug ingested. 
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Two subjects were studied after the ingestion of 100 mgm. of Thenylene HC1 
and the results in general were similar to those described above. 

Twenty-five mgm. of Pyribenzamine HC1 1 ' were given intravenously to each 
of 2 subjects and the rate and total urinary excretion determined. It was found 
that the excretion of the drug began no sooner than that following oral admin- 
istration. The curves obtained for the rate of excretion parallel those found 
in the cases described above, reaching a maximum between 1J and 3^ hours. 
The total amount of drug excreted in the urine was approximately 8 per. cent 
of the amount injected, as compared with 6-11 per cent excreted when the 
Pyribenzamine was ingested. Large volumes of all the urine samples obtained 
were also tested for the presence of free Pyribenzamine. This was done by 
testing in the usual manner with the exception that the samples were not heated 
in the boiling water bath. There was no significant increase in the amount of 
free Pyribenzamine excreted over that found after oral administration. 

In both subjects it was noted that some drowsiness developed, not during the 
injection, but about 1-1J hours following it. 

These results suggest a few possible conclusions. It would appear that almost 
all of the ingested Pyribenzamine is absorbed from the gastrointestinal tract, 
and that regardless of the route of administration the drug is rapidly removed 
from the blood stream. Some 10 per cent of the medication then slowly makes 
its appearance in the urine where most of it is found in combination with some 
unknown acidic substance. 

Discussion. A method is described for the determination of several nnti- 
histaminic compounds which have the pyridine radical as part of their structure. 
The method is based upon the fact that some of these compounds develop a blue 
fluorescence in ultraviolet light after reacting with cyanogen bromide. It appears 
from an examination of such compounds that only those with a nitrogen atom 
in the position ortho to the pyridine nitrogen have this property. That this 
condition is necessary but not sufficient is evident from the fact that 2-amino- 
pyridine does not develop a fluorescence. In addition it can be seen that not 
all of the antihistaminic compounds which have this structure develop the same 
intensity of fluorescence when equimolar concentrations are compared. These 
compounds differ from each other only by virtue of variations in the other 
aromatic radical (e.g. N-2-thenyl in Thenylene or N-p-methoxybenzyl in Neo- 
Antergan). While it cannot be stated that this aromatic radical is necessary 
for the compound to develop fluorescence, it is obvious that it does influence its 
intensity. 11 

i* A Bpccial solution of Pyribenzamine HCI prepared for intravenous use was obtained 
through the courtesy of Dr. C. R. Scholz, Ciba Pharmaceutical Products, Inc., Summit, N.J. 

» Since the submission of this paper for publication two additional compounds were 
obtained through the courtesy of Dr. C. R. Scholz. The first, 2-benzylaminopyridino 
developed no fluorescence with CNBr. The second, N,N-dimcthyl-N '-ethyl -N'-(2-amino 
pyridine) does develop a fluorescence, the intensity of which is intermediate between that 
developed by Tagathen and Nco-Antergan. The second compound is similar to Pyribcnz- 
amine except that the benzyl radical is replaced by an ethyl group. This has obviously 
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The application of this test to the urine from patients receiving these medica- 
tions is described. It was found that, whatever the urinary excretion product- 
may be, it is possible by heating such a urine with alkali to extract an active 
substance therefrom with benzene. The material in this benzene solution de- 
velops a fluorescence upon the addition of cyanogen bromide. A variety of 
medications and naturally occurring compounds were tested with cyanogen 
bromide and failed to develop a fluorescence. This observation, in conjunction 
vdth the fact that a large number of normal urines were negative, indicates that 
the test is highly specific for those antihistaminic compounds described above. 

A number of volunteers were given Pyribenzamine by mouth and their urinary 
excretion was determined by the cyanogen bromide test. It was found that the 
greatest rate of excretion occurs between If and 4f hours which coincides with 
the clinical observations on the peak and duration of action of this drug (e.g. 
13, 14). It was further noted that the maximum amount excreted as detected 
by this method was about 10 per cent of the amount ingested. Two subjects 
received Pyribenzamine intravenously and both the rate of excretion as -well 
as the total amount excreted were generally the same as found following oral 
administration. 

It is concluded from these studies that most of the Pyribenzamine administered 
orally is absorbed from the gastrointestinal tract and that some 10 per cent is 
excreted in the urine as Pyribenzamine itself in firm combination with some 
undetermined acid or acidic radical of small molecular size. That the combina- 
tion is firm is shown by the necessity of heating noth alkali to accomplish libera- 
tion of the free Pyribenzamine base. That the molecular size is small is indicated 
by its dialysis through cellophane tubing without dissociation. Since the dis- 
sociated base has been shown to have antihistaminic activity, the dimethyl 
ethylenediamine portion of the molecule can be assumed to be intact. This is 
probably true for the methyl benzene radical as well (15). The attachment of 
the pyridine molecule thereto can be inferred from the fact that the material 
develops a fluorescence with cyanogen bromide. It is concluded that the 
pyridine radical has not been oxidized or otherwise irreversibly altered in view 
of the identity of the ultraviolet absorption spectrum of this material with that 
of Pyribenzamine itself. In addition, the material has been isolated as the 
crystalline picrate whose melting point is the same as that of a known sample of 
Pyribenzamine picrate. 


SUMMARY AND CONCLUSIONS 

1). A quantitative fluorophotometric test is described for those antihistaminic 
compounds containing pyridine and dimethyl ethylenediamine in the molecule. 
Cyanogen bromide reacts with these compounds to form a fluorescent substance. 


resulted in a decrease in the intensity of, but not in the elimination of fluorescence. It 
would seem fairly certain that the condition necessary for fluorescence to develop is the 
presence of the three nitrogen atoms in the same positions as they occur in Pyribenzamine, 
i.e. dimethylethylenediamine combined with pyridine in the ortho position. 
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2) . The test has been applied to a study of the urinary excretion of one such 
compound by human subjects. 

3) . The test is specific for these drugs since normal urines and a variety of 
possible interfering compounds are negative. 

4) . About 10 per cent of orally ingested Pyribenzamine is excreted in the urine 
in the form of an organic base firmly combined with some acidic substance or 
radical. 

5) . This urinaiy excretion product when dissociated by heat and alkali was 
found to have antihistaminic activity. 

G). That this material is identical with Pyribenzamine is suggested by the 
fact that, a) its isolation as the picrate yielded crystals with a melting point the 
same as Pyribenzamine picrate and, b) the material has the same ultraviolet 
absorption spectrum as Pyribenzamine itself. 
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Interest in the physiological significance of gallium was aroused when it was 
noted that this element is contained in fission products (1). As a first approach 
to the problem the published methods for determining gallium in biological 
material (2, 3) were critically surveyed and tested in the laboratory. While 
these methods are useful in the range of 1 to 10 mgm. of gallium, it was necessary 
to develop an analytical procedure which could measure micro and semimicro 
quantities of this element. 

The method herein described is based on the fluorescence of gallium 8-hydroxy- 
quinolate in chloroform (4). This procedure has been applied to tissues of 
rats and rabbits which had been used in the toxicological and biochemical studies 
of gallium. These results appear to be the first published quantitative deter- 
minations of the distribution of gallium in the animal organism. Earlier qualita- 
tive spectrographic studies have been reported (5), which show that gallium is 
concentrated to some degree in the liver, spleen and kidneys. 

Method. To a 600 cc. Kjeldahl flask add 25 cc. of concentrated sulfuric acid if the 
sample is 5 gm. or less. For 5 to 10 gm. of tissue add 50 cc. of sulfuric acid, and using 
0.2 gm. selenium catalyst, digest to a pale straw color, cool and add 25 cc. of water. Add 
carefully solid sodium hydroxide pellets, finally making the solution slightly alkaline with 
dilute sodium hydroxide, using neutral red indicator. Limit the water added so that some 
solid sodium sulfate remains at this point. Add an additional three drops of neutral red 
indicator, and 5 cc. of 5 per cent 8-hydroxyquinoline (aqueous) solution. Add acid until 
a grey to greenish cloudy precipitate is formed. When tested with phenolphthalein, the 
solution should give a colorless reaction. By this means the pH is adjusted between 6 and 
8, the optimum range for the separation of gallium. 

Extract the mixture in a 500 cc. separatory funnel using two 50 cc. portions of redistilled 
chloroform. Combine the extracts in a 150 cc. pyrex beaker and add about 1 gm. powdered 
sodium bicarbonate to facilitate solution later, then evaporate to dryness on a steam bath. 
Place in a cool muffle furnace and heat to 650°C. for 1 hour. After cooling add a few cc. 
of water and make very slightly acid with dilute hydrochloric acid. 

Photojluoromelric determination. To a 50 cc. separatory funnel add two drops of thymol 
blue and 2 cc. of 20 per cent hydroxylamine hydrochloride solution; transfer the ashed 
extract to the funnel with a minimum of water so that the volume is not more than 35 cc. 
Allow to stand ten minutes to permit the reduction of Fe' HH ' to Fe ++ but not more than 
20 minutes to prevent atmospheric re-oxidation. Adjust the pH between 2.5 and 2.8. It 
is emphasized that the success of the method and its selectivity is largely based on the 
control of the pH at this point. To the flask add 2 cc. of 5 per cent 8-hydroxyquinoline 
solution which has been adjusted to pH 2.6. Extract the solution three times with 3 cc. 
portions of chloroform, combining the extracts to 10 cc. Cover the chloroform layer with 


1 The opinions or conclusions contained in this report are those of the author. They are 
not to be construed as necessarily reflecting the views or the endorsement of the Navy 
Department. 
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about 0.5 cm. of the aqueous phase to prevent atmospheric oxidation and evaporation and 
allow to stand at least 15 minutes before making the fluorometric reading. With the aqueous 
layer over the chloroform these tubes show no significant change in fluorescence in six 
hours. Read in a photofluorometer using filters for tho emergent light which have a trans- 
mission peak at C35 mu. Should the fluorescence be too intense dilute tho chloroform 
solution in a ratio of ten to one and again make the photofluorometer readings. 

Preparation of standards and reference curves. Because sodium salts are carried into the 
final extraction and since small amounts of other metallic ions also tend to reduce the 



Fio. 1. Photofluorometer Readings 

Curves obtained when known amounts of gallium are added to 5 grams of tissue. 

fluorcscenco of gallium, it is necessary to prepare reference curves using tissue blanks with 
added amounts of gallium. 

To prepare the working standards, use 5 gm. of tissue, 25 cc. of concentrated sulfuric 
acid and add varying amounts of gallium. Also prepare a reagent blank with 6 gm. of 
tissue with no gallium added and carry through the digestion and extraction as outlined 
above. Plot the values obtained, galvanometer readings vs. microgm. of gallium, ns shown 
in figure 1 . These curves are used to estimate the amounts of gallium in unknowns, as this 
procedure applies corrections for such errors as are inherent in the method. Curves 3 
and 4 in figure 1, were obtained by diluting the chloroform extract in a ratio of 10 to 1, and 
again making a photofluoromctric reading. Concentrated solutions of the Ga-quinolate 
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materials which fluoresce in the ultra-violet, and this was the reason for pre- 
paring the sample by Kjeldahl digestion. Nitric acid and peroxide ashing pro- 
cedures gave organic residues which produced an overwhelming fluorescence in 
the chloroform extract at all practical pH ranges. Diy ashing of tissues produced 
losses of added gallium up to 50 per cent due to volatility of the suboxide at 
800-900° C. 

The only interfering metals which produce fluorescence at pH 2.5-2.S are 
indium and scandium. Both these elements produce negligible fluorescence (4) 
and have not been found by us in any biological materials. The photofiuoro- 
metric determination of gallium in the presence of iron and copper makes neces- 
sary the rigid control of the pH at 2.5-2.8 in the final extraction. No further 
separation of iron is necessary for biological materials, providing the small 
amounts of Fe +++ are reduced to Fe ++ bj’ the hydroxyiamine. 

A silicone-type lubricant was used to prevent the solution in the chloroform 
of fluorescent substances often found in the more common stop-cock greases. 

Examination of a variety of normal tissues, has shown that gallium is not a 
normal constituent. For bone the evidence is less conclusive. From our results 
it appears that traces of gallium may be present in bone but in amounts of less 
than 1 ppm. This amount is below the quantitative threshold of the analytical 
method described. 


SUMMARY 

A procedure is presented for the estimation of gallium in biological material, 
useful in the range of 2 to 100 microgm. Ga in 10 gm. or less of sample. Chloro- 
form extraction of Kjeldahl digestates after neutralization and treatment with 
8-hydroxyquinoline offers a means of separating micro quantities of gallium and 
other metals from biological samples. 

Gallium initially localized in the kidney and bone, with lesser amounts in 
the spleen, liver, brain and muscle. The bones act as storage depots and yield 
gallium slowly, where appreciable quantities still persist for as long as CO days 
after a single injection of gallium lactate. 
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As a result of the recent interest in gallium and some of its compounds (I), 
a comprehensive study of the physiological and pharmacological activity of 
gallium has been undertaken Further interest in the action of radio gallium 
has also been aroused by the preliminary findings of this study 

Since a survey of the literature (2-0) yielded such a small amount of useful 
information, a study of the toxic dosages (LD 6 o), pathology, influence of mode 
of administration, etc , were of first consideration The results are presented 
here of a study of the toxic action of gallium through (1) inhalation of an aerosol 
of gallium chloride, (2) ingestion of diets containing the chlonde or gallium 
lactate, and (3) injection of gallium lactate, both intravenously and subcu- 
taneously. 

Experimental In vitro observation in this laboratory has shown that both gallium 
chloride and nitrate, as well as the alum complex, NH«Ga(SOi)*, aro efficient protein 
prccipitants, and that the chlonde and nitrate were almost completely and rapidly pre- 
cipitated a3 the gelatinous hydroxide at pH 7 4 This protein precipitating action and 
formation of the insoluble hydroxide at tissue pH probably accounts for the marked localired 
reaction resulting at the site of injection Obviously, these salts are unsatisfactory for 
injection Tor the present work, gallium lactate (7) was chosen and prepared for the 
injection experiments sinco lactic acid may be considered nontoxic (5), certainly in the 
quantities administered in these studies 

Since the publication of the report dealing with gallium lactate as a suitable medium 
for the administration of gallium (7) it has been found that purified gallium lactate brought 
to a pH 7 0 by the addition of dilute ammonia may, under certain circumstances, produce a 
faintly opalescent colloidal solution This colloidal solution has caused immediate death 
when injected intravenously into five rabbits, due to the formation of pulmonarj and/or 
coronary emboli This solution when administered subcutaneously is absorbed slowly and 
produces no rapid deaths and is much less toxic on a mgm /hgm basis than a true solution 
of gallium lactate 

We have prepared a satisfactory solution for moat types of pharmacological studies of 
gallium by adding a small amount of sodium lactate to the gallium lactate (solution 6 mgm 
<3a/cc plus 5 mgm Na lactate/cc ) thus stabilizing the gullium and preventing the forxna 
tiou of a colloidal hydroxide The pH is brought to about 6 0 (brom cresol purple indicator) 
by adding pow dered sodium bicarbonate After heating to boiling, this solution should be 
clear, at pH 6 6 to 7 0, and if no cloudiness has appeared, it is stable to autoclaving and 
suitable for intravenous or other routes of administration 

Exposure of rats to aerosols of gallium chloride A device consisting of a nebulizer, ex- 
posure chamber and trap for recovering the gallium w as made of glass With this apparatus 
an aerosol of uniform particle size was created and the chamber was kept at atmospheric 


1 The opimons or conclusions contained in this report are those of the authors They 
are not to be construed as necessarily reflecting the views or the endorsement of the Navy 
Department 
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pressure while a single animal was exposed to a constant concentration of the compound. 
White rats weighing between 150 and 250 gm. were used. 

Gallium chloride solutions were prepared in concentrations ranging from 18.4 to 94.4 
mgm. of gallium per cc. The pH of these solutions was adjusted to 2.2, the highest pH at 
which the gallium chloride will remain in solution. Control solutions of sodium chloride 
were made equimolar to the gallium chloride solutions and adjusted to a pH 2.2. The rats 
were exposed to the aerosols of the nebulized solutions for periods varying from 30 to 
240 minutes. 

To determine the gallium concentration of the air in the chamber at any given time, a 
known volume of air from the chamber containing the aerosol was drawn through a sintered 
glass funnel, covered with a damp asbestos mat. The funnel was washed with water and 
the wash solution was analyzed gravimetrically for gallium by precipitating as the 8-hy- 
droxyquinoline complex. 

Nine animals were exposed for periods of one-half to four hours to atmospheres 
containing an aerosol of gallium chloride. Exposures were to concentrations of 
0.025 to 0.125 mgm. Ga/liter of air. Of these rats all survived but one, which 
died during exposure to the maximum concentration, after three hours. Of five 
control rats exposed to sodium chloride aerosols, two died, during exposure after 
two to three hours. 

Animals exposed to both the aerosols, were found to have bilateral areas of 
consolidation of the lungs with some punctate hemorrhages. Since the gallium 
chloride solution was at pH 2.2, the sodium chloride solution was similarly ad- 
justed. This acidity accounts for the pathological condition seen in these ani- 
mals and is responsible for the deaths. Analysis of the tissue from animals so 
exposed to gallium chloride shows that no gallium passed the lung tissue bub 
was deposited in the alveoli, probably as the hydroxide. Therefore, studies of 
this series of animals were not extended. 

Feeding experiments. Four series of young rats (initial weights 105-140 gm.) were fed for 
13 weeks on diets containing gallium chloride in concentrations of 10, 100, 500 and 1,000 
parts gallium per million of feed. Each series consisted of 10 rats, with pair-fed controls 

There was no evidence that the diets containing gallium produced any effect 
whatsoever. The animals’ conditions were excellent throughout the test period 
and the weight curves paralleled the control curves. The average weight gain 
of the 10 rats receiving 1 gm. gallium/kgm. of food (1000 p.p.m.) was 23.6 per 
cent, while the pair-fed controls averaged 23.5 per cent weight gain during the 
13 weeks of observation. There were no deaths during this period in the 40 
rats receiving gallium chloride or the 20 pair-fed controls. 

Chemical examination of the tissues of the animals showed no detectable 
amounts of gallium present in the liver, spleen or kidney of the animals after 
the completion of the 13 weeks feedings. The bone contained trace amounts. 
These findings show that in rats there is little or no absorption of gallium chloride 
from the intestinal tract, although the average daily intake may be as high as 
20 mgm. Ga per animal. The alkalinity of the intestinal tract is sufficient to 
convert gallium chloride to the hydroxide or other insoluble complex. 
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In order to provide a salt stable at the pH of the intestinal tract, gallium lactate was 
incorporated in the diet of rats since this salt is stable at the pH of 7 0-7 6 Two senes of 
young rats (initial weight 88 to 112 gm ), were fed for 26 weeks on diets containing gallium 
lactate m concentrations of 500 and 1000 parts gallium per million of feed Each series 
consisted of 20 rats, 10 males and 10 females, with an equal number of pair fed controls 
These groups were fed on sufficient commercially prepared diet to yield normal growth 
curves 

The average weight increase of the 20 rats receiving 1 0 gm Ga/hgm of food 
(1000 ppm) was 167 per cent while the pair fed controls gained 192 per cent 
in weight during the same period The 20 rats receiving the 0 5 gm Ga/kgm. 
of food (500 ppm) gained 177 per cent in weight during the 26 weeks feeding; 
controls also showed 192 per cent gam in weight No other effects were noted 
m these animals, other than the slight difference in the average weight curves 
There w as but one death m the animals being fed the gallium lactate (1 female 
on 500 ppm) and one death in the control males The general condition of 
the entire colony was excellent throughout the test 

Chemical examination of the tissues of the animals fed gallium lactate at a 
level of 15 to 20 mgm Ga per day (1000 ppm) showed that there were traee 
amounts of gallium in the liver, 6pleen and kidney, while the bone contained 
amounts from one to three microgm /gm of tissue (1 to 3 ppm) These 
findings show that gallium in a form soluble at pH 7 6 is not readily absorbed 
from the intestinal tract Therefore, m general, gallium compounds offer little 
hazard from the standpoint of an ingested poison It also appears likely that 
the small portions that do reach the circulation are readily excreted since the 
bone has been shown to concentrate injected gallium extensively and yield it 
slowly to the general circulation 

Injection studies In order to study the acute toxic effect of gallium, uncomplicated by 
other possiblj toxic molecular compounds, rats and rabbits were injected with a single 
dose of purified gallium lactate The lactate was dissolved m distilled water at a concen- 
tration of 5 mgm Ga/cc Sodium lactate solution w as added so that the final concentration 
of this salt would also be 5 mgm /cc Powdered sodium bicarbonate w as used to adjust the 
pH to 6 0 and the solution autoclaved Concentrations of gallium lactate in excess of 
5 mgm Ga/cc have caused localized reaction at the site of injection 

formal, healthy albino rats weighing from 105 to 220 gm were injected intravenously 
in the large tail vein, the solution was administered to normal adult rabbits through one 
of the large car veins In both rats and rabbits subcutaneous dosage was given on the 
broad portion of the back The animals were then liou c od m clean, well ventilated animal 
cages and observed closely for a period of 30 days or longer 

Controls for the above scries of injection studies w ere carried out by injecting a solution 
containing 48 2 mgm Bodrnm lactate per cc (pH 7 0) which was equimolar to a solution of 
gallium lactate containing 10 mgm Ga/cc In each case the controls received sodium 
lactate equivalent to the largest dose of gallium lactate administered Results of the con 
trol studies are shown in tables 1 and 2 

On death, animals were autopsicd if marked autolysis had not occurred The gross 
pathological findings w ere recorded and representative tissues were taken for sectioning 
and microscopic examination Details of these findings will be reported later 

In the rat injection experiment, 35 rats were used for intravenous studies 
Animals which received 28 to 38 mgm Ga/kgm showed hyperexcitabihty the 
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first 24 hours following injection, then developed a semistuporous attitude, with 
limited activity and marked drop in weight and food intake. Rats receiving 40 
to 50 mgm. Ga/kgm. were quickly affected and 40 to 60 per cent died within 
24 to 72 hours after injection. Of the 15 animals observed when moribund, all 
showed a flaccid paralysis of the hind limbs. Details of these findings are sum- 
marized in table 1. 


TABLE 1 

Acute toxicity of gallium lactate administered to rats 


NO. OF RATS 
TREATED 

DOSAGE JlGM. 
Ga/KGM. BODY 
WT. 

DEAD IK 10 DAVS 

REMARKS 

Intravenous injection 



per cent 

i 

10 

20-38 

0 

Marked loss in weight; poor condition 

5 

5 

42 

47 

40] 

6o[ 

f All deaths within 3 days. Survivors lost 

5 

51 

60) 

\ weight. Poor condition for 30 days 

10 

57-75 

100 

All deaths in 5 days 

5 

Contrc 

ils 360 mgm. Na i 

lactate/kgm. No observable effect 


Subcutaneous injection 


30 

20-50 

0 

10 

90 

10 

10 

100 

10 

10 

110 

40 

20 

120 

50 

10 

130 

50 

20 

140 

80 

20 

150 

75 

10 

160 

100 

10 

170 

100 

20 

180 

100 


No symptoms except transitory loss in 
weight 

Survivors showed neurological symp- 
toms, including blindness and photo- 
phobia for 5 to 10 days. Full recovery 
occurred 30 to 45 days following 
injection 

All dead in 5 days 
All dead in 5 days 
All dead in 2 days 


5 


Controls 865 mgm. Na lactate/kgm. No observable effect 


Note: On the basis of these data, the LD 60 (10 days) of gallium as gallium lactate, is 
calculated by probit analysis to be for the rat: 

LD 5 o (intravenous) 46 mgm. Ga/kgm. 

LDio (subcutaneous) 121 mgm. Ga/kgm. 


Eleven animals were autopsied immediately after death. Gross examination 
showed the kidneys to be extremely pale in each case. Six animals had punctate 
hemorrhages in the cortices, one animal showed frank hemorrhage into both 
pelves. 

The blood urea nitrogen (B.TJ.N.) of another series of 25 rats was studied. 












GALLIUM TOXICITY 


491 


Representative results are presented in table 2 for animals given intravenously 
sufficient gallium lactate to insure death in a few days. 

In those animals dying within 24 hours following injection of gallium lactate 
the B.U.N. was within normal limits or only Blightly elevated. However, the 
rats which died 24 to 72 hours following injection showed marked elevation of 
the B.U.N. On microscopic examination of the kidneys from the ratsinjected 
with the lactate, early granular hyalin changes in the tubules were observed. 
Occasional swollen glomeruli showing increased segmented cells suggested in- 
flammatory change. 


TABLE 2 


Blood urea nitrogen of rata injected with gallium lactate 


ANTMAl 1 
HO. 

DOSAGE nmtAVZNOCS 
INJECTION 

CEOSS XIDNEY 
PATEOIOCY 




Cafkim. 


kn. 

f n*m. % 

34 

95 

Cortex pale 

4 

19 

33 

102 

Multiple hemorrhages of 
cortex 

5 

41 

35 

100 

Light in color 

7 

29 


65 I 

Cortex extremely pale 1 

24 

79 


95 

Multiple hemorrhages of | 
cortex 

72 

223 


Controls given Na lactate intravenously 


33 

Sodium lactate equimolar to gallium lac- 

m\mM 

10 

39 

tate 100 mgm./kgm. 

IK 

16 

40 


IK £■ 

24 

41 


■SI 

23 


In 16 normal untreated rats the B.U.N. ranged between 8.9 and 25.6 mgm. % with an 
average of 15.8 mgm. %, 


These results suggest that animals succumbing to gallium poisoning within 
24 hours do not die a renal death. However, for those surviving for more than 
48 hours the evidence is suggestive that renal pathology results. 

On the basis of the data presented above and in table 1, it is concluded that 
the dose of gallium as gallium lactate required to kill within ten days 50 per 
cent of rats injected intravenously is 40 mgm. Ga/kgm. (LDso, 10 days = 
40 mgm. Ga/kgm.). 

Gallium lactate was injected subcutaneously into 170 rats. At a level of 20 
to 50 mgm. Ga/kgm. there was no observable effect other than a transitory 
weight loss and a tendency toward hyperexcitability lasting for only 24 hours. 
At levels of 100 to 180 mgm. Ga/kgm. the animals showed a marked excitability 
for 24 to 48 hours and then exhibited a characteristic torpid attitude, bordering 
on semi-coma, although they were conscious. Some evidence of photophobia 
was evident for up to 30 days. At these levels those animals which survived 
three to five days, developed a diarrhea, became emaciated and ate little food; 
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in many cases blindness developed two to four days prior to death. In certain 
of these animals held for observation up to six months after injection the reduc- 
tion in activity and in food intake lasted for 30 to 45 days, beyond which in- 
creases in weight and activity followed so that at 60 days, all of the survivors 
were in good condition (see table 1). All animals surviving the first ten days 


TABLE 3 

Acute toxicity of gallium lactate administered to rabbits 


NO. O? 

DOSAGE MGM. 



RABBITS 

Ga/KCM. 

DEAD IN 10 DAYS 

REMAKES 

TREATED 

BODY WT. 




Intravenous injection 


per cent 


20 

15-35 

0 

5 

40 

0 

10 

45 

70 

5 

50 

100 

5 

55 

100 

5 

60 

100 

5 

70 

100 


No observable effects other than transi- 
tory weight loss 
Marked transitory effects 
Death in 6 to 10 days 
All deaths were within 5 days, and were 
accompanied by serous exudate from 
the nose. Death was due to respira- 
tory failure 


5 


Controls 335 mgm. Na lactate/kgm. No observable effect other 
than transitory weight loss 


Subcutaneous 


5 

70 

0 

'5 

80 

0 

5 

90 

40 

10 

100 

60 

5 

110 

80 

5 

120 

100 

5 

130 

100, 


injection 

Slight transitory Iosb in weight 
Marked transitory loss in weight 
Deaths resulted from acute respiratory 
failure. Survivors showed marked loss 
in weight and reduced activity. Some 
survivors showed some delayed toxic 
effects 30 days following injection. 
At 60 days all survivors were normal 


5 


Controls 575 mgm. Na lactate/kgm. No observable effects 


Note: On the basis of these data the LD t o (10 days) of gallium, as gallium lactate, is 
calculated by probit analysis to be for the rabbit: 

LDso (intravenous) 43 mgm. Ga/kgm. 

LDso (subcutaneous) 98 mgm. Ga/kgm. 


eventually recovered from the effects of the one subcutaneous dose of gallium. 

On the basis of the data presented in table 1, it is concluded that the quantity 
of gallium as gal ium lactate required to kill within ten days 50 per cent of the 
rats injected subcutaneously is 121 mgm. Ga/kgm. (LD 60 , 10 days = 121 mgm. 
Ga/kgm.). 

In table 3 are shown the results of the injection of gallium lactate into rabbits 
which had been kept under observation for at least two weeks prior to the be- 
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ginning of the experiment. These data indicate that intravenous dosages in 
excess of 43 mgm, Ga/kgm. will produce more than 50 per cent deaths, usually 
within 72 hours, while a dose of 97 mgm. Ga/kgm. is required to produce 50 per 
cent deaths within ten days when the lactate is administered subcutaneously. 
Such deaths, seemingly from respiratory failure, were preceded by a flaccid 
paralysis, particularly in the hind limbs. No other particular neurological 
symptoms were observed. Gross autopsy findings were essentially negative 
for all organs except the lungs which were often edematous and hemorrhagic. 

SUMMARY AND CONCLUSIONS 

Rats exposed to aerosols of gallium chloride were affected but slightly in con- 
centrations of 0.125 mgm. Ga/liter of air in exposures of from \ to 4 hours. The 
acidity of the solution (pH 2.2) of both gallium chloride and the sodium chloride 
controls produced the effects noted. Gallium is deposited in the lungs as the 
insoluble hydroxide. 

Rats fed gallium chloride or gallium lactate in levels up to 1000 p.p.m. (1 gm. 
Ga/kgm. food) showed no significant effect in periods up to 26 weeks. Absorp- 
tion of gallium salts from the intestinal tract is negligible. 

The minimum lethal doses (LD 6U ) of gallium lactate for rats and rabbits are 
as follows: 


Rata. Intravenous injection 47 mgm. Ga/kgm. 

Subcutaneous injection 121 “ “ 

Rabbits. Intravenous injection 43 " “ 

Subcutaneous injection, 97 u u 


The symptoms resulting from lethal and near-lethal injections of gallium salts 
may include rapid loss in weight, hyperexcitability, and in some cases photo- 
phobia, blindness and terminal flaccid paralysis. Early pathological findings 
indicate death may be due to acute respiratory failure, with some kidney pathol- 
ogy resulting 3 to 4 days after injection. In general, animals surviving 10 days 
after a near fatal dose of injected gallium, recover within 30 to 45 days. 
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The determination of morphine-like analgetics in tissues has been difficult be- 
cause of the dilution in the body of the small doses of drug required to produce 
analgesia. For example, 10 mgm. of methadone is diluted to approximately one 
part in seven million in a 70-kilo man, if uniform distribution is assumed. Cor- 
respondingly high dilutions may be calculated for other agents, such as morphine 
and meperidine. However, colorimetric methods have been reported for the de- 
termination of these agents in tissues or body fluids where they may concentrate. 
Gauss (1) was able to recover morphine quantitatively from muscle or liver at a 
dilution of 1 : 1,000,000. Way et al. (2) determined meperidine in rat blood at a 
dilution of 1 : 50,000. Cronheim and Ware (3) detected methadone at a dilution 
of 1:2,000,000. 

In spite of the development of these methods they have not led to comprehen- 
sive studies on the distribution and fate of these compounds probably because of 
the difficulties involved in the extraction of minute quantities of drug from rela- 
tively large amounts of tissue. So little is known regarding the mechanism of 
action of analgetics on the cellular or even organ level that distribution studies 
may well be helpful as a first step in elucidating their mode of action. 

The recent availability of long-lived radioactive carbon has made feasible the 
synthesis of labeled analgetics which can be followed through the body by stand- 
ard tracer techniques. By sacrificing animals at intervals after administration of 
the radioactive drugand measuring the radioactivity present in the various organs, 
distribution may be correlated with systemic effect. Similarly, the rate of ab- 
sorption from subcutaneous or intramuscular sites of injection may be deter- 
mined and excretion studied by radioactivity measurements of excreta and of the 
organs of excretion long after the pharmacologic effects of the drug have dis- 
appeared. If the drug passes through the body unchanged or is conjugated, 
tissue concentrations may be calculated directly from radioactivity measure- 
ments. If the molecule labeled with C u breaks up into fragments which can be 
oxidized, radioactivity may be detected in the carbon dioxide of the expired air. 
When the drug is known to break down in the body, care must be used in the in- 
terpretation of tissue radioactivity measurements, since one cannot be sure that 
the measured activity represents the intact molelule and not merely a portion 
thereof. 

1 Aided by a grant from the National Institutes of Health, Bethesda 14, Maryland. 
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The experiments to be described in this report consist of studies on the ab- 
sorption, distribution, and excretion of methadone labeled with C u . This com- 
pound was chosen for study because of its possible importance as a morphine 
substitute and because it is thought to be partially excreted unchanged in the 
urine (3). 

Methods. Tho synthesis of the labeled methadone used for our experiments was accom- 
plished by Chang and Sah in this laboratory in association with chemists of the Radiation 
Laboratory, Berkeley Campus, and hag been described elsewhere by Tolbert el of. (4). 
Briefly, the method consisted of condensation, using the Grignard reaotion, of radioactive 
ethyl bromide (CH»C*H*Br) and methadone nitrile to give methadono containing a radio- 
active carbon atom in the 2-position. The product has a specific activity of 0.647 pc/mgm. 



CHi — C*H» — C — C — CHi — CH — CH,*HBr 
N 

/ \ 

CH, CH, 

Radioactive 6-dimcthylamino-4-diphenyl-3-heptanone hydrobromido 

It was felt that the presence of C M in the 2-position would aid in determining whether or 
not methadono was broken down in the body since cleavage at the 2- or 3-position would 
result in products very likely to be oxidized to carbon dioxide and water. If such were the 
case, radioactivity would be present in the expired air. 

This preparation when compared with a commercial non-radioactive product (Dolo- 
phine, Lilly) 1 produced equivalent biologic response in rats. Ten mgm./kgm. produced 
analgesia which persisted for at least 3 hours, accompanied by loss of righting reflex for 2 
hours, postural rigidity, respiratory depression and tho Straub reaction. 

Six young adult female rats of the Slonaker-Wistar strain weighing between 106-168 gm. 
and maintained on a diet of Purina Dog Chow and tap water were used in these studies. 
Each was given 10 mgm./kgm. of labeled methadone by subcutaneous injection into the left 
hind leg. According to Finnegan el al. (5), this dose is one-tenth of the LDio for methadone 
administered to rats by this route. Immediately after injection each animal was placed in 
a glass metabolism cage equipped with an absorber for exhaled CO*. After 1, 2, 3, or 24 
hours, the animals were removed from the cage and prepared for dissection. Ether was 
administered if necessary, and in each case, just before sacrifice, a blood sample was ob- 
tained from the abdominal aorta. Any urine in the bladder was removed with a syringe, 
and the organs were dissected out for radioactivity measurements. In somo cases the 
intestines and Btomach were washed out with isotonic saline solution. 

The isolated tissues including the injection site, the skin and hair, and the carcass wero 
dried in weighed porcelain dishes at 60°C. for 48 hours and ground to a fine powder after 
determining dry weights. Radioactivity was measured essentially by the method described 
by Dauben, Reid, and Yankwich (6). Tissue combustion was carried out in an analytical 
type combustion train; the CO* evolved was absorbed in sodium hydroxide. Small tissues 
were burned in entirety, but when the dry weight of an organ exceeded 200 mgm. it was 


* Supplied through the courtesy of Dr. E. C. Ivlcidcrer, Lilly Research Laboratories, 
Indianapolis 6, Indiana. 
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necessary to take an aliquot for combustion. Ordinarily, samples of 100-150 mgm. were 
used in such cases. Barium carbonate was precipitated from the sodium carbonate solution 
obtained by combustion, collected on sintered glass funnels and weighed. Counting was 
done pn aluminum discs under a bell counter with a thin mica window. 

The errors involved were those of ordinary analytical procedures plus the statistical 
errors of counting. The analytical error was determined by burning three O.OOS mgm. 
samples of methadone* giving an average value of 1674 ± 46 counts per minute or 2.8 per 
cent. Prom this datum and the known specific activity of the methadone* (0.547 Mc/mgm.) 
the counter efficiency was found to be 17 per cent. Each sample was counted for a maximum 
of 30 minutes which allowed about 15 per cent error for samples which assayed 10 counts per 
minute or less above background. However, the tissues which contained most of the activ- 
ity were counted for a sufficient time to make the error 5 per cent or less. The seemingly 
large errors calculated for counts from tissues of low specific activity apparently had little 
effect on the final balance, since in 5 out of the 6 rats recovery of the administered dose was 
100 ± 4 per cent. In order to improve appreciably the counting accuracy of samples of low 
specific activity, 8-hour counts would have been required, and the expenditure of such a 
great amount of time was not considered advisable in view of the small contribution of these 
samples to total activity. 

Results. Possible Integrity of the Methadone* Molecule. In biologic studies 
in which a complex organic molecule labeled with radioactive carbon is adminis- 
tered to an animal, it is often difficult to determine whether or not the radio- 
activity measured in tissues is present as the intact compound. In the present 
instance, justification for assuming an equivalence between specific activity and 
methadone* concentration is provided by the following evidence. 

Collection in sodium hydroxide of the expired air from rats treated with metha- 
done* for periods up to 3 hours yielded no radioactivity. Since methadone* was 
synthesized with the C w atom in the 2-position, it is apparent that the molecule 
is not broken in the 2- or 3-position to yield compounds which can be oxidized in 
the body to CO 2 and H 2 O. When compounds containing C 14 and known to be 
oxidized in the body are administered to animals, activity is eliminated through 
the lungs. For example, Reid and Jones (7) found activity in the expired air of 
mice after giving the animals radioactive tyrosine. 

Further evidence that the activity measured in all experiments was present as 
methadone*, either intact or in conjugated form, was obtained by study of the 
distribution of activity in one rat 24 hours after methadone* administration. 
Ninety-eight per cent of the activity recovered was in the excreta or intestines. 
Such complete excretion suggests that the methadone* molecule is handled by the 
body as a unit; at least, there is no evidence that a radioactive fragment is left 
behind. 

Finally, isotope dilution studies were done on the bile of 3 rats not included in 
this series. The bile duct was cannulated and methadone* was administered in 
the usual manner. A portion of the bile obtained over a 2-hour period after drug 
administration was combusted and found to be radioactive. One hundred mgm. 
of commercial methadone HC1 was added to the remainder after acidification, 
and the free base was precipitated as an oil from alkaline solution. This material 
crystallized with difficulty overnight at 4°C. and was separated by centrifuga- 
tion. The supernatant fluid was somewhat cloudy and may have contained a 
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small amount of uncrystallized methadone. Analysis showed but a fraction of 
the original activity present in the supernatant fluid. This would be the ex- 
pected result if the activity were originally present in the bile as methadone* 
which would precipitate along with the added carrier methadone. Isotope di- 
lution work is continuing to determine the exact chemical combination of the C u 
in the animal. * ' 

The available evidence seems to indicate that the activity measured in these 
experiments was present in the animal body as methadone* either free or conju- 
gated and not as a fragment of the molecule. Therefore, for the sake of simpli- 
city, specific activity values have been converted to microgm. methadone* per 
gm. dry tissue. 

Absorption and Blood Levels. To determine the rate of absorption of metha- 
done* the injection site (left hind leg) of each rat was separated from the carcass 
and its specific activity measured. Assuming specific activity to be proportional 


TABLE I 

The absorption of methadone * after subcutaneous injection of 10 mgm. per kgm. 
in the left hind leg 



fcATinmuM 


■ 

* 

3 


* 



Hour* after Injection 


1 

1 

2 

2 

2 

24 

* Inj. site cone. (A) 

218 

181 

50 

71 

49 

0 

* Carcass cone. (B) 

10 

17 

20 

15 

12 

0 

A - B 

208 

164 

36 

50 

37 

0 

‘ Blood cone 

6 

6 

6 

5 

16 

0 


* Concentrations expressed &b microgm. methadone* per gm. dry tissue. 


to concentration, activity values were converted to microgm. of methadone* per 
gm. of dry tissue. In table I, injection site and carcass concentrations are com- 
pared. The difference may be interpreted as a rough measure of absorption. 
It is apparent that absorption is incomplete after 1 hour, but equilibrium is 
reached in 2 hours or less. 

Concomitant blood concentrations also listed in table I indicate that metha- 
done* is distributed throughout the body via the circulatory system. 

Distribution . The distribution of methadone* in various organs and tissues is 
summarized in table II. This table is so arranged that in all G animals tissue 
concentrations and per cent of activity recovered can be compared at 1, 2, 3, and 
24 hours In general, the values for tissues containing 3 per cent or more of the 
recovered activity are accurate to 5 per cent or better. The values for tissues of 
low specific activity may be in error by as much as 15 per cent, as explained above. 

The degree of concentration in an organ may be determined by comparing the 
value for the organ with that of the carcass. Examination of table II shows 
that, in spite of the marked effects of methadone on the central nervous system, 
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there was no appreciable concentration of the drug in the brain even at the one- 
hour period when analgesia was pronounced. In fact, with the exception of rat 
1, the concentration values for brain tissue were lower than those for the carcass. 

TABLE II 

The distribution of methadone* in rats at intervals after injection of 10 mgm. per kgm. 


EAT OTlfBEK 



l 

s 

3 

4 

2 

6 

Time in hours......... 

1 

i 

2 

2 

3 

24 

Recovery. 

97.1% 

83.5% 

102.2% 

103.5% 

103.2% 

104.0% 


mm 


CJ 


u 


U 




u 



SJ 

% 

o 

% 

o 

% 

a 

% 

Cone. 

% 

a 

% 


Efl 


U 


CJ 


U 




U 


Brain stem 

63 

0.5 

13 

0.1 

13 

0.1 

2 

0.01 


0.001 





Cerebellum 

69 

0.2 

m 


11 

0.03 

4 

0.01 


0.001 

— 

— 

Cerebrum 

33 


H 


13 

0.2 

6 

0.1 

12 

0.2 

— 

— 

Liver 

48 

6.0 

82 

11.2 

70 

7.1 

72 

9.2 

46 

5.6 

li 

1.3 

Stomach and contents. . . . 


2.5 

48 

2.6 

238 

6.0 

80 

8.6 

189 

11.1 

2 

0.04 

Small intestine and con- 













tents 

92 

12.6 

50 

8.1 

EEll 

16.1 


15.4 

349 

39.3 

52 

4.1 

Large intestine and con- 













tents 

9 


22 

1.9 

31 

2.7 

KrT 


21 

1.9 

79 


Kidney 

60 

1.3 


2.2 


CO 

rH 

74 


24 

0.5 

2 

jiff!! 

Lungs 

139 

1.6 

222 

4.1 

192 

3.2 

191 

2.9 

124 

2.0 

1 

E: 

Spleen 

m 


31 

0.3 

45 

0.7 

45 

1.0 

43 

0.6 

2 

Ei 

Adrenals 

285 


95 

0.13 

51 

0.08 

m 


34 

0.05 

— 


Thyroid 

— 

— 

110 

0.03 

64 

0-03 

ir 

EKh 

— 


— 

■ 

Uterus and ovaries 

36 

0.3 

18 

■mi 

15 

0.2 

14 

0.1 

13 

0.1 

— 

■ . 

Mesentery and abdominal 




M 









fat 

16 

1.4 

10 

m 

18 

3.8 

19 

2.0 

8 

1.1 

— 


Blood 

5 

0.5 

6 

0.9 

5 

0.4 

6 

0.4 

16 

0.8 

m 

0 

Heart 

30 

■mil 

50 

0.4 

32 

0.3 

25 

0.2 

0.1 

0.001 

— 

— 

Muscle 

20 

1.0 

26 

2.0 

22 

1.5 

15 

1.2 

11 

0.8 

— 

— 

Skin and hair 

14 

10.6 

4 

2.3 

20 

16.4 

16 

EH 

3 

2.0 



Carcass 

m 

17.2 

17 

28.7 

15 

25.6 

20 

29.9 

12 

20.5 


0 

Left hind leg (inj'ection 













site) 

218 

41.1 

181 

32.5 

71 

12.8 

56 

rrreii 

49 

11.0 

K 


Excreta 

— 

— 

(-) 


(-) 

1.5 

(-) 

3.5 ] 

(-) 

2.3 


88.3 


Cone. ■=■ microgras methadone*/gm. dry tissue. 

_ counts recovered 

Recovery «*> . . 

counts injected 

% = per cent of total activity recovered. 

(—) — concentrations not calculated. 

The tissues which contained significant quantities of methadone were chiefly the 
organs of excretion : the liver, gastro-intestinal tract and kidneys. The lungs and 
spleen also contained concentrations well above the carcass level. These organs 
retained some activity for 24 hours in contrast to tissues, such as muscle, which 
were completely devoid of activity after 24 hours. The gastro-intestinal ac- 
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tivity increased with time suggesting the importance of this route for methadone 
excretion. 

Finally, high concentrations of activity were found in the adrenals. Although 
this may be related to vascularity since the thyroid shows a similar effect, the 
adrenal concentration is high during the period of maximum drug action and de- 
creases as the animal iccovers. This aspect of the concentration-action of metha- 
done deserves further study. 

Excretion. An evaluation was made of the activity measurements in the ex- 
creta and organs of excretion during the period of peak drug activity and at 24 
hours to determine the routes of methadone* excretion. No radioactivity was 
found in the expired air during the first 3 hours after methadone* administration, 

TABLE III 


Per cent of total oc bitty recoiered tn excreta and organs of excretion after methadone * 
administration 



RAT NUMBER 

■ 1 

* 1 

1 J 1 

1 1 ! 

1 j 

1 6 

Hours alter injection 

1 

1 . 1 

2 

2 

3 

1 24 

Liver 

6.0 


7.1 

9.2 

6.6 1 

1.3 

Small intestines 

12.6 


16.1 

11 3 

39.3 

m 

Contents of Bmall intestines 

— 


— 


— 

K 9 

Total small intestine 

12.6 

8.1 ! 

16.1 

16.3 

39.3 

K 9 

Colon and contents 

1.0 

1.9 

2.7 

3.3 

1.9 


Feces 

— 

— 

— 

— 

— 

58.4 

Kidney 8 

1.3 

2.2 

1.3 

1.7 

0.5 

0.1 

Urine 

— 


1.5 

3.5 

2.3 

j 30.0* 


* Includes cage washings. 


so it appears unlikely that the molecule is broken up into fragments capable of 
oxidation to carbon dioxide and water. 

In the course of the distribution studies it was soon apparent that methadone* 
was rapidly localized in the gastro-intestinal tract. High concentrations were 
found in the small intestines of rats 1-3. Analysis of a portion of the duodenal 
contents of rat 4 showed that 27 per cent of the total intestinal activity was con- 
tained in the small amount of fluid expressed from the duodenal lumen. In rat 
5, 28 per cent of the total activity present in the small intestine was removed by 
washing with 0.9 per cent saline solution. Twenty-four hours after methadone* 
administration approximately 70 per cent of the activity recovered was in the 
liver, intestines, and feces; most of the remainder was in urine or cage washings. 

Renal excretion is appreciable although secondary to excretion by the intes- 
tinal route. Urine passed during the experimental period or collected from the 
bladder before dissection was highly active. Urine and cage washings from rat 
6, sacrificed at 24 hours assayed 30 per cent of the total recovered activity. In 
table III are presented the data pertinent to excretion. 
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Discussion. The rate of absorption recorded is compatible with the observed 
effects of 10 mgm./kgm. of methadone administered subcutaneously to rats. 
Analgesia, central depression, and catatonia are most profound within 30-90 
minutes, and recovery is well under way at 120 minutes. At 60 minutes only 30 
per cent of the dose was found at the injection site, and at 120 minutes absorption 
was virtually complete. It may be concluded that methadone* HBr is rapidly 
and completely absorbed after subcutaneous administration. 

The distribution studies indicate that methadone* is not concentrated to any 
degree by the central nervous system. The small quantities of activity found 
there may have resided in blood trapped in the brain at the time of sacrifice. Be- 
cause of the profound effects of methadone on the central nervous system, it was 
surprising to find brain levels even lower than carcass concentrations. Either 
methadone exerts its effects on the brain at very low concentrations, or its site 
of action is outside the central nervous system altogether. 

With the latter possibility in mind, the relatively high concentration in the 
adrenals of the one-hour rats is of interest, since methadone is known to increase 
blood sugar levels (5). In addition, recent reports implicate epinephrine as a 
mediator of the analgetic effect of various agents (8-10). Since the quantities 
of methadone* found in the brain were small, the existence of a “target organ” 
outside the central nervous system is entirely possible. The ability of metha- 
done to inhibit cholinesterase (11) may be of importance in this connection. 

The greatest quantities of methadone* were found in the liver and intestines 
even at 1 hour. Experiments in progress (12) indicate that methadone* passes 
from the liver to the small intestine via the bile duct, although the possibility of 
mucosal excretion, especially in the stomach, has not yet been excluded. In 
either case the concentrations attained in the small intestine are of sufficient 
magnitude to suggest that the effects of methadone on intestinal motility (13) 
could be due to a direct action on the organ or its local innervation. 

Reabsorption from the intestinal lumen may occur, but such material should 
be quickly returned to the gut via the liver. Excretion predominates since the 
quantity in the small intestine increased over the 3-hour period studied. The 
importance of the gastro-intestinal tract as a route of excretion is emphasized by 
the fact that in the 24-hour animal 58 per cent of the dose was recovered in the 
feces. 

Urinary excretion of methadone has been demonstrated by others (3, 14) using 
colorimetric methods. Our tracer studies also indicate excretion by the kidneys. 
Bladder urine from animals sacrificed at 3 hours or less contained appreciable 
amounts of activity and 30 per cent of the activity recovered from the 24-hour 
animal was in the urine or cage washings. The quantity actually excreted by 
the kidneys of this animal is probably less than 30 per cent due to contamination 
of the urine by feces, but it is apparent that both gastro-intestinal and urinary 
excretion must be considered in methadone balance studies. 

The foregoing data indicate the need for further studies to determine the mech- 
anism by which methadone produces analgesia. Unless it can be shown that the 
minute quantities found in the brain can account for the observed effects of the 
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drug, it must be assumed that analgesia is mediated peripherally. In this con- 
nection, the possible role of the adrenal medulla and the sympathetic nervous 
system in general is worthy of consideration. 

The authors wish to thank Dr. B. M. Tolbert of the Radiation Laboratory, 
Berkeley Campus, and Drs. P. P. T. Sah and J. Oncto of the San Francisco Cam- 
pus for their part in making the labeled methadone available to us. Dr. L. L. 
Eisenbrandt and Mrs. T. K. Adler gave valuable assistance with some of the 
analytical work and in preparation of the manuscript. 

SUMMARY 

1. Methadone* HBr labeled with C 14 in the 2-position proved to be equally 
effective as an analgetic in rats (10 mgm./kgm,) as the unlabeled drug. 

2. Tissue specific activity values appear to be comparable to methadone* con- 
centrations. The possibility that methadone is conjugated in the body has not 
been completely excluded. 

3. Methadone* HBr is rapidly and completely absorbed after administration 
by the subcutaneous route. 

4. At periods of from 1 to 3 hours after administration, the specific activity of 
brain was no higher than carcass levels, thereby indicating no particular affinity 
of central nervous system tissue for methadone*. Concentrations well above 
carcass levels were found in the adrenals (at 1 hour), thyroid, lungs, spleen, kid- 
neys, liver, and gastro-intestinal tract. 

5. Methadone* HBr is almost completely excreted after 24 hours. Excretion 
is primarily via the intestinal route and secondarily via the kidneys. 
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The recent announcement of the successful resolution of arterenol (1, 2) raised 
a question with regard to the acute toxicity of its optical isomers in comparison 
■with those of epinephrine. Most of the available information on the acute tox- 
icity of epinephrine concerns the naturally occurring levo-isomer, although a few 
scattered reports on the dextro and racemic forms have appeared. In 1909, 
Cushny (3) reported the 1-isomer of epinephrine to be 12-15 times as toxic as the 
d-form by subcutaneous injection into rats. Launoy and Menguy (4, 5) found 
the acute toxicity of 1-epinephrine to be 20 times as great as the d-isomer when 
injected intravenously into rabbits. Marquardt and Koch (6), in a study of the 
acute subcutaneous toxicity of the optical isomers of epinephrine in mice, ob- 
served that 1-epinephrine was 15 times as toxic as the d-isomer. Lands, Nash, 
Dertinger, Granger and McCarthy (7), also working with mice, showed that the 
acute toxicity of 1-epinephrine was 1.7 times that of the racemic mixture by the 
intraperitoneal route. 

Schultz (8) reported that demethylation of the amino group of epinephrine, to 
form the primary amine (arterenol) resulted in a decrease in toxicity. This in- 
vestigator obtained acute subcutaneous toxicity values in mice of 12-16 mgm./ 
lcgm. and 40 mgm./kgm. for the racemic mixtures of epinephrine and arterenol, 
respectively. The present investigation was undertaken in an effort to determine 
the acute intravenous toxicity in mice and rats of levo, dextro and racemic ar- 
terenol in comparison with epinephrine. 

Methods. Aqueous solutions of the dextro and levo isomers and racemic mixtures of 
arterenol and epinephrine were used. The mortality data were calculated in terms of base. 
The solutions of 1-epinephrine were prepared from U.S.P. Epinephrine Reference Standard 
powder according to the directions set forth in the U.S.P. XIII (9) and were used within an 
hour after preparation. The test animals were male albino mice of the Webster strain 
weighing 20 ± 2 gm. and Sherman strain male albino rats weighing 100 db 10 gm. The vol- 
ume of injection for each species was maintained at 0.35 ± 0.15 cc. and injected intrave- 
nously at a rate of 1.0 cc. per minute. Groups of 10 or more animals were injected at each 
dose level with dosages arranged at equal logarithmic intervals. Following injection, 
each group of mice was placed in a wire screen cage measuring 10x7x7 inches and the rats 
in similar cages with dimensions of 10 x 15J- x 7 inches in a room held at 24.5°C. Water and 
a nutritionally adequate diet were available at all times. Observations were made at fre- 
quent intervals but the LDso ± its standard error calculated by the method of Miller and 
Tainter (10) was based on the total mortality both at 24 hours and 7 days. 

Results. The acute intravenous toxicity values obtained under the con- 
ditions described above are shown in table 1. 

In rats, 1-epinephrine is 20 times and in mice 18.5 times as toxic asd-epineph- 
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nne The acute toxicity of 1-epmephrrae is 1 8 times m rats and 1 5 times m 
mice that of the racemic mixture The acute toxicity ratio between 1 and d- 
arterenol is smaller than with epinephrine 1-Arterenol is 14 times as toxic in 
rats and 12 times as toxic in mice as the d isomer No significant differences 
were observed between the toxicities of 1- and d,l artercnol in either rats or mice 
In rats intravenous injection of artcrenol and epinephrine isomers produced 
mild to deep depression, blanching of the extremities, dyspnea, loss of muscular 
coordination terminating in a brief senes of clonic convulsions and death follow- 
ing respiratory arrest Upon opemng the thoracic cavity, the heart was ob- 


TABLE I 

Comparison of the acute intravenous toxicity of artcrenol and epinephrine tn rats and 

mice 


compound 

NUMBER 
OF ANIMALS 
USED 

CONCENTRATION 
OF SOLUTION USED 
FOR INJECTION 

LBlo ±51 EXPRESSED IN UGU /ECU 

OF BASE 

TOXICITY 
RATIO AT 

24 HOURS 
L-ISOUER 
- 10 

At 24 firs 

After 7 d»ys 

Kata 







I Artcrenol 

150 

0 

0025-0 005 

0 10 Hr 0 01 

0 10 Hr 0 01 

1 0 

d Artcrenol 

80 


0 06 

1 40 ± 0 14 

1 40 £ 0 14 

14 0 

dl Arterenol 

120 


0 005 

0 13 Hr 0 02 

0 13 rb 0 02 

1 3 

1 Epinephrine 

75 

0 

001 -0 002 

0 04 ± 0 004 1 

0 04 Hr 0 004 

1 0 

d Epinephrine 

30 


0 03 

0 80 Hr 0 OS ' 

0 SO H= 0 OS 

20 0 

dl Epinephrine 

45 

0 

002 -0 004 

0 07 Hr 0 003 ! 

0 07 Hr 0 003 

1 8 

Mice 




1 



1 Arterenol 

110 

0 

025 -0 10 

5 Hr 1 

3 7 dr 0 6 

1 0 

d Artcrenol 

70 

0 

2 -0 8 

00 ± 20 

18 Hr 5 

12 0 

dl Arterenol 

120 

! 0 

025 -0 10 

7 5 ± 2 

4 7 Hr 1 

1 5 

1 Epinephrine 

130 


0 02 

2 7 ± 0 2 

25 ±02 I 

1 0 

d Epinephrine 

80 

0 

2 -0 4 

50 ±9 

3S Hr 9 

18 5 

dl Epinephrine 

70 

0 

03 -0 06 

4 0 Hr 0 5 

34 ±03 | 

1 5 


served to beat for one to five minutes after cessation of respiration A bloody 
froth was invariably noted at the external nares immediately follow ing the termi- 
nal convulsive seizure The lungs were turgid and filled with a frothy and usu- 
ally bloody fluid The majority of deaths occurred within 10 to 20 minutes after 
injection with the 1-isomers and within an hour after injecting the d-isomers or 
racemic mixtures With sublethal doses, the rats had fully rccov cred in 4 to G 
hours and there were no delayed deaths after 21 hours 
The pattern of events in mice injected with the 1 isomers and racemic mixtures 
of arterenol and epinephrine was similar to that observed in rats However, w ith 
the d-isomers, death followed respiratory arrest which occurred over a period of 
several hours following injection A few mice died after 21 hours, resulting in a 
definite, but possibly statistically insignificant, decrease in the LD S o for the 7-day 
observation period The incidence of delayed deaths m mice was approximately 
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three times greater with arterenol than with epinephrine. The mice dying after 
the first 24 hours showed extensive hemorrhagic areas in the lungs, pulmonary 
edema, ascites, distention of the bladder with urine, which not infrequently con- 
tained flecks of bloody mucus, and paleness of the kidney cortex. 

In rats the dose-mortality curves obtained with arterenol and epinephrine were 
very steep, as were also those in mice for both levo and racemic epinephrine. 
However, in mice the d-epinephrine and arterenol curves were very flat in com- 
parison with those obtained with rats. 

■ Discussion. There were striking species differences between the sensitivities 
to these sympathomimetic amines as judged by lethal doses, since the rats were 
approximately 50 times as sensitive to arterenol and 60 times as sensitive to 
epinephrine as mice, and delayed deaths were produced only in mice. This might 
suggest that detoxication mechanisms for these amines are more efficient in the 
rat since recovery occurs promptly. However, since 50 to 60 times as much 
compound was injected per unit of body weight in mice their detoxication mecha- 
nisms were subjected to greater stress. 

In rats the levo, dextro and racemic forms of epinephrine are 2.5, 1.8 and 1.9 
times as toxic, respectively, as the same forms of arterenol. The mouse data 
show similar ratios, except that the d-isomer is difficult to evaluate because of the 
flatness of the dose-mortality curve. These results show that the inherent tox- 
icity of epinephrine is approximately twice that of arterenol. This difference in 
the acute toxicity is smaller than is indicated by the data of Schultz (8), but 
agrees quite closely with the results obtained by Lands et al. (7) with the racemic 
mixtures of epinephrine and arterenol. 

It is interesting to note that 1-epinephrine is 1.8 times as toxic in rats and 1.5 
times as toxic in mice as the racemic mixture. Both of these differences are sta- 
tistically significant (P = 0.01). From a comparison of the median lethal doses, 
1-arterenol appears to be 1.3 times as toxic in rats and 1.5 times as toxic in mice 
as the racemic mixture; however, neither of these differences is statistically sig- 
nificant (P = 0.18 and P = 0.27, respectively). It would appear that the acute 
lethal effects of the racemic mixture of epinephrine result largely from the 1- 
isomer. This does not appear to hold for racemic arterenol since the LDso of 
1-arterenol is not significantly less than that of the racemic mixture, thereby 
indicating a significant contribution by the d-isomer to the acute lethal effects 
of the racemic mixture. 

The very flat dose-mortality curves obtained in mice with arterenol and d- 
epinephrine, as indicated by the large standard errors, may be due to grouping 
of the mice following injection in view of the influence of aggregation on toxicity 
of sympathomimetic amines described by Chance (11, 12). Tainter et al. (1) ob- 
served that the toxicity of 1-arterenol in mice is reduced when the animals are 
kept in individual cages, whereas segregation has no significant effect on the acute 
toxicity of 1-epinephrine. This phenomenon has been ascribed to effects on the 
central nervous system, and suggests that perhaps the cause of death with artere- 
nol may be more complex than with epinephrine. However, this requires more 
direct study for proper elucidation. 
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SUMMARY 

1. Toxicity ratios for the levo, dextro and racemic forms of arterenol were 
found to be 1:14:1.3 in rats and 1: 12:1.5 in mice by intravenous injection. 

2. Toxicity ratios for the levo, dextro and racemic forms of epinephrine were 
found to be 1 :20: 1 .8 in rats and 1 : 18.5: 1.5 in mice by intravenous injection. 

3. Rats were 50 times as sensitive to arterenol and GO times as sensitive to 
epinephrine as mice when judged by the acute lethal doses. 

4. The three optical forms of epinephrine were approximately twice as toxic 
a3 the corresponding forms of arterenol. 

5. {-Epinephrine was significantly more toxic than the racemic mixture where- 
as no significant difference was found between 1- and dl-arterenol in either rats or 
mice. 

6. The dose-mortality curves were very steep in rats for arterenol and epine- 
phrine and in mice for I, and d, 1-epinephrine. However, they were flat in mice 
for d-cpinepkrine and arterenol. 
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STUDIES ON THE FATE OF NICOTINE IN THE BODY 
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Nicotine by the Dog, Cat, Rabbit and Mouse 
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In the course of our investigations on the fate of nicotine in the body, it became 
desirable to compare, as accurately as possible, the rate of elimination of nicotine 
by several species. The term “elimination” is used here in its broadest sense; 
that is, to imply any process whereby the drug is rendered physiologically in- 
active. In this sense, rate of elimination of nicotine by the rabbit has been 
studied by Weatherby (1), by the cat by Straub and Amann (2), and by the 
mouse by Heubner and Papierkowski (3). However, their techniques differ 
sufficiently in detail so that species comparison becomes difficult to make. 

The results of our study follow. 

Experimental. Two series of nicotine determinations were made on barbitalized ani- 
mals; (a) LD S0 values as determined by instantaneous intravenous injection of the total 
dose and (b) the lethal dose when given over an 8-hour period by continuous intravenous 
infusion. 

The barbiturate used, dose and route of administration for each species studied were: 
dogs, dial 60 mgm. per kgm. intraperitoneally; cats, dial 60 mgm. per kgm. intraperitone- 
ally ; rabbits, sodium amytal 45 mgm. per kgm. intravenously; mice, dial 100 mgm. per kgm. 
intraperitoneally. 

In the 8-hour experiments the nicotine concentration was adjusted with 0.9 per cent 
saline so that the dogs received 1 cc. of solution per minute, cats and rabbits received 0.2 
cc. per minute, and mice received 0.01 cc. per minute. 

Results. The intravenous LD 60 values for nicotine under barbiturate anes- 
thesia for the four species studied are shown in table I. Table II shows the lethal 
dose for the same species when given over an 8-hour period. Table III shows 
the calculated rate of elimination of nicotine by the four species under the con- 
ditions of the experiment. 

Discussion. It is apparent from these results that a marked species varia- 
tion exists in the ability of animals to eliminate nicotine. We wish to stress 
further that the results here given apply only to the experimental conditions used. 
They undoubtedly do not represent the maximum ability of these species to 
eliminate nicotine. In an earlier more detailed analysis for the dog (4), we 
showed that rate of elimination of nicotine (mgm. per kgm.) increased linearly 
with the dose for that fraction that is excreted unchanged in the urine and loga- 
rithmically with the dose for that fraction that is detoxified in the body. Since 
in the present experiments, elimination was dependent upon a continually in- 
creasing systemic concentration of nicotine over the 8-hour period, it is fair to 
assume that the maximum rate of elimination of nicotine by these species with- 
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out development of respiratory paralysis should be somewhat greater than the 
figures given in table III 


TABLE r 


Intravenous LDi o values for ntcolme given t n a single dose 


DOO 

CAT 

BABBIT 

House 

Dose 

Mortality 1 
ratio 

Dose 

Mortality 

ratio 

Dose | 


Dose | 

Mortality 

ratio 

nftn /kfm I 


mgm /kin 


/kim i 


«i« /kin 


3 


1 

0/2 

8 ! 

0/6 

G 

3/10 

4 

1/5 

1 5 

2/6 

D 1 

1/6 

7 

4/10 

5 

3/6 ! 

2 

3/6 


6/6 1 

8 

7/10 

6 

4/4 

2 5 | 

6/6 

10 | 



. 

LDio «50 mgm / J 

LDto ** 

2 0 mgm / 


|LD»o »71 mgm / 

kgra 


I hgm 


kgm 

1 

kgm 



TABLE II 


Lethal doses for nicotine given intravenously over an 8 hour period 


DOC j 

CAT j 

BABBIT 

| MOUSE 

Dose 

Mortality j 
ratio ! 

Dose 

Mortality 

ratio 

Dose 

Mortality 

ratio 

Dose 

Mortality 

ratio 

«!"« /km / 


min /km / 


mm /tm l i 


mm /km / j 




t kr 






6 

0/3 

17 

1/3 

30 

0/3 

30 

0/3 

12 


20 

1/3 

40 

2/3 

40 1 

2/3 

15 

3/3 i 

22 

2/3 

50 

1/1 . 

50 1 

3/3 

18 

3/3 | 

25 

4/6 

1 


60 | 

3/3 

Lethal Dose ** ca 15 

Lethal Dose “ ca 22 

Lethal Dose “ ca 40 

| Lethal Dose “ ca 40 

mgm /hgm 

mgm /kgm 

mgm /kgm 

mgm /hgm 


TABLE HI 


of elimination of nicotine 


trzaxs 

1 8 tfOUB LETHAL ^ 

[ DOSE 

ACUTE U»» 

8 UOUX LETHAL 1 

DOSE MINUS ACUTE 1 
1D»» 

no or ld»» 

DOSES ELIMINATED 
BEK 8 BOUBS 


| mtm /km /t kr 

tnfm /km j 

mm /km U kr 


Dog 

1 15 


10 1 

2 

Got 

22 

2 0 ! 

20 

10 

Rabbit 


0 4 

30 6 

3 3 

Mouse 

1 40 

7 1 

32 0 

4 6 


It is of further interest to attempt to compare the relative abilities of these 
species to eliminate nicotine at comparable systemic concentrations of this ma- 
terial It is apparent that the cat which is hilled by a single injection of 2 mgm 
per hgm. could not have reached as high a systemic concentration during the 8- 
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hour tests as did the rabbit which is killed by a single injection of 9.4 mgm. per 
kgm., and we have shown for the dog (4) that the absolute rate of elimination of 
nicotine increases as a function of its systemic concentration. In our judgment, 
the relative rates of elimination of nicotine by these species at equal systemic 
concentrations of the material can best be approximated by dividing the 8-hour 
eliminations for each by their respective LDbo’s for a single injection. This has 
been done in the last column of table III, and if valid indicates that, under equal 
conditions, the cat can eliminate nicotine 5 times as fast as the dog, the rabbit 1.7 
times as fast, and the mouse 2.3 times as fast. 

It is planned in the future to attempt to correlate these results with the capaci- 
ties of the individual tissues of these species to detoxify nicotine (Warburg tech- 
nique). If this is possible, similar studies on human tissue may permit of de- 
ductions concerning the capacity of man to eliminate nicotine. 

SUMMARY 

A comparison has been made of the rate of elimination of nicotine by the dog, 
cat, rabbit and mouse, and it has been shown that a considerable species variation 
exists in this regard. 
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Some time ago we reported (1) that penicillin treatment o! early lobar pneu- 
monia in rats was as successful when the agent was administered as an inhalant 
as when it was given by injection. Later it was shown (2) that there was little 
difference between the blood levels achieved by the two methods of treatment. 
These studies have been extended to the therapy of established pneumonia in rats 
and to observations on the absorption and distribution of inhaled penicillin in nor- 
mal and pneumonic animals. 

Methods. Animals. White rats of the Wistar Institute strain, ranging in weight from 
195 to 2Q5 gm., were used. 

Production of Pneumonia. Pneumonia was produced by the intrabronchial intubation 
of a mucin suspension of Type I pneumococci (Bailey Btrain) according to the modification 
of the technique of Nungester and Jourdonais (3) as described in the first paper. In this 
series the size of the infecting dose was increased to approximately 1000 pneumococci, 
instead of the 200 injected previously. Six hours after the injection, signs of pneumonia 
began to appear and by 24 hours there was consolidation of the entire cardiac lobe, or of 60 
to 100 per cent of one of the other lobes, with septicaemia. By this time 4 per cent of the 
animals had died, the reBt were evidently sick and 94 per cent of them, if not treated, suc- 
cumbed in the next two or three days. 

Penicillin. Crystalline sodium penicillin G was used in this study. We arc indebted 
to Merck and Co., Inc. for giving us several million units of highly purified material, con- 
taining 1867 units per mgm. This was used for most of the blood level determinations and 
served as a standard of comparison for all other lots of penicillin. Solutions were made in 
M/5 0 phosphate buffer, pH 7.3, 

Aerosolization. The mist was generated by a DeVilbiss 40 nebulizer at an airflow of 10 
liters per minute. It was directed through the glass manifold used in the previous work and 
into a box, which was connected directly with the eight chambers of the manifold. The 
rats were placed singly in the sixteen compartments of a rectangular wire cage which just 
fitted in the box. Substitution of the box for the chambers of the manifold was made in 
order that more animals might be treated at one time, and with less difficulty. The mist 
in the box differed from that in the manifold. The concentration of penicillin was lower 
in the box and the particle size was smaller, having a mass median diameter of 0.5 #».* 

Assays. The concentration of the mist was determined by drawing a measured volume 
through a sintered gloss-asbestos filter and analyzing the deposit for phosphate by the 
method of Fiske and SubbaRow (4). The efficiency of the filters was tested several times 

* The authors are indebted to Miss G. Asset and Mr. J. Rosenbaum of the Aerosol Section, 
Medical Division, Army Chemical Center, for the determinations of particle size. 
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by drawing the mist through two filters, arranged in series. Very little phosphate was 
found on the second filter — only 2 to 3 per cent of the amount found on the first — indicating 
that even these very small particles were retained by this type of filter. Evaporation 
caused the concentration of penicillin and phosphate in the nebulizer and consequently in 
the mist, to rise by as much as 30 per cent during a 20-minute run. For this reason two 
analyses of the mist were usually made during each run and the average was taken as repre- 
senting the concentration. 

Penicillin levels were determined by the broth dilution method, using the C203 strain of 
haemolytic streptococcus, as previously described (2). 

In order to determine the penicillin content of the lower respiratory tract the rats were 
killed with ether, the trachea was tied off at the larynx and the trachea, bronchi and lungs 
were removed en masse. If the trachea or pneumonic lobe was to be treated separately, 
the major bronchi were individually ligated and severed below the carina. The tissue was 
debrided, weighed, and minced in a Waring blendor for 2 minutes, in 20 or 50 cc. of saline 

TABLE I 


Penicillin treatment of pneumonia of 24-hours duration in rats 


METHOD OF ADMINISTRATION 

DOSE* 

NUMBER 

OF RATS 

NUMBER 
THAT DIED 

MORTALITY 

Inhalation of aerosol 

20 min. exposure, 

63 

13 

per cent 

21 

Intramuscular injection 


44 

18 

41 

Intramuscular injection 

250 u 

35 

17 

49 

Untreated controls 

— 

46 

43 

63.5 


* Per treatment; 4 treatments given. 


solution. The creamy emulsion was filtered through a Seitz filter and the filtrate was ti- 
trated for penicillin. Recovery of penicillin by this technique was controlled by adding 
known amounts of the agent to normal and consolidated lung tissues and processing them 
in the same way. All of the added penicillin was accounted for in the filtrate. 

Schedule of Therapy. In the therapeutic comparisons the rats received 4 treatments — 
at 24, 30, 36 and 48 hours after they had been infected with the pneumococci. Each inhala- 
tion treatment consisted of a 20-minute exposure to a mist containing approximately 400 
units of penicillin per liter of air. To obtain this mist concentration the solution in the 
nebulizer had to contain 60,000 units per cc. The intramuscular injections consisted of 
either 500 or 250 units administered 4 times. 

Results. Therapy. In these rats, in which pneumonia had been allowed to 
progress to the point where there was extensive consolidation of lung tissue, 
therapy with penicillin was successful in saving at least 50 per cent. As shown in 
table I, four 20-minute exposures to aerosols containing 400 units of penicillin per 
liter of air reduced the mortality to 21 per cent. With 4 intramuscular injec- 
tions of 250 and 500 units each the mortality was 49 and 41 per cent respectively. 
The difference between the 21 and the 41 per cent is statistically significant, hav- 
ing a 3 per cent probability of chance, and one can therefore conclude that the 
aerosol therapy was more effective than the injection therapy in the doses used 
here. 

Blood Levels. In table II are shown the levels of penicillin noted in the blood 
of normal rats, and rats with pneumonic consolidation, at intervals up to 2 hours 
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after they had been given a single treatment either by intramuscular injection or 
by inhalation. The intervals are dated from the time when treatment was com- 
pleted. The injection of 500 units resulted in higher blood levels than occurred 
after a 20-minute exposure to a 400 unit per liter aerosol. 2 This was true of both 
healthy and diseased rats. The difference between the effects of the two modes 
of administration was particularly marked in the initial blood level and in that 


TABLE II 

Blood levels in normal and pneumonic rate after single treatment with penicillin G 



MODE or ADMINISTRATION AND DOSE 

TIME AFTER | 


J Intramuscular Injection 

TREATMENT 

| u/liter— Aerosol 

| 5 to units 

j 250 units 


Normal 

Pneumonic 

| Normal 

| Pneumonic • 

1 Normal 

j Pneumonic 

tnittulet ' 



Unit ftr te. of vihoto blood* 


5 

.575 

.195 

1.68 

1.41 

t 

— 

15 



— 

.794 

.904 

.330 ! 

.397 

30 

.199 

.105 

.426 

.617 

.144 | 

.250 

GO 

.125 

.092 

,147 

.210 

.057 

.067 

120 

.024 

.038 

.015 

.021 

<■015 

<.015 


* Geometric meana; 5 to 14 rats for each point. 


TABLE III 


Penicillin within the lower respiratory tract following acrosolization * 


STATUS 07 
RATS 

TIME 

A7TER 

n 

no. or 

RATS 

e 


i 

□ 

hhhes 

|us 

1 

Ccom. 

mean 

WEIGHT ! 
or TISSUE 1 
IN CM. 

(mean) 

UNITS FES 
cu. or 
TISSUE 
(mean) 

Number of rats ! 


min. 













Normal 

5 

8 

1 0 

2 







84.1 

1.2S8 


Pneumonic. . 

5 

8 


2 

5 


i 




, 26.5 

2.396 


Normal 

60 

6 




i 

3 

1 

1 1 



i 1.274 


Pneumonic..' 

60 

6 





i 

2 


2 

3.2 | 

2.176 

■El 


* 20-minute exposure to 400 u/liter mist. 


determined 30 minutes later. Immediately after treatment by inhalation there 
was a marked difference between the blood levels in the normal and pneumonic 
animals. In the animals which received penicillin by injection this difference 
did not exist, although the drug appeared to leave the blood more slowly in the 
pneumonic rats. Penicillin also disappeared from the blood more slowly following 
inhalation than following injection. 

Lung Levels. In the preliminary tests to determine the relative amounts of 
penicillin which reached the lower respiratory tract of normal and pneumonic 

1 Differences between blood levels observed here and those reported previously are ex- 
plained by differences in the type of penicillin and the character of the aerosol. 
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rats after inhalation, the lungs, bronchi and trachea were treated as a unit. 
From the data in table III one sees that approximately 3 times as much peni- 
cillin was recovered from the lower respiratory tract of normal animals as was 
recovered from the tissue of pneumonic rats. In both instances, however, high 
concentrations of penicillin were found and although these declined sharply with 
time, they were still well above the so-called “therapeutic level” at the end of 
one hour. Because of the greater density of consolidated tissue the difference 
between the levels in normal and pneumonic rats is enhanced when the data are 
expressed in terms of units per gm. of lung tissue. 


TABLE IV 

Distribution of penicillin in the lower respiratory tract 6 minutes after aerosolization* 




PENICILLIN RECOVERED FROM 

STATUS OP 
RATS 

EXTENT OP CONSOLI- 
DATION 

Trachea 

Consolidated 

Lobe 

Remainder 

Total 






KBt 

Units 

u/gm. 

Units 

u/gm. 

Pneumonic 

Rt. lower, 50% 

10 

22.9 



40 

21.2 

50 

21.5 

Pneumonic 

Cardiac, 100% 

5 

19.6 

0.3 

0.3 

20 


25.3 

11.7 

Pneumonic 

Left, 40% 



5.0 

6.4 

25 


30 

18.4 

Pneumonic 

Rt. lower, 50% 



1.2 

1.5 

20 

17.5 

21.8 

9.8 

Pneumonic 

Rt. middle & 
Cardiac, 100% 

5 

14.2 

0.6 

0.85 

10 

9.5 

15.6 

7.4 

Pneumonic 

Left, 90% 

5 

16.9 



20 

11.7 

25.0 

12.4 

Pneumonic 

Left, 80% 

10 

31.2 

2.5 

1.8 

20 

23.5 

32.5 

12.7 

Normal 


2.5 

m 

■ 

8 

1 

138.5 

M 

114.8 

Normal 


2.5 

EH 




50.5 

mm 

43.9 

Normal 


5 

13.3 

9 

■ 

100 

78.7 

105 

63.8 


* 20-minute exposure to 400 u/liter mist, 
f Units per gm. of tissue. 


It was desirable to determine how inhaled penicillin was distributed in the 
lower respiratory tract with special attention to deposition at the bifurcation of 
the trachea and to relative penetration of healthy and diseased tissue. In order 
to do this the tracheas, the lobes showing consolidation and the healthy tissues 
were processed separately. The findings are shown in table IV. In normal rats 
the amount of penicillin deposited in the trachea was only a small fraction of the 
total recovered from the lower respiratory tract. Not only was the absolute re- 
covery from the trachea higher in pneumonic than in normal rats, but it repre- 
sented a greater proportion of the total recovery from the lungs. 

In pneumonic rats the amount of penicillin found in the consolidated lobe was 
considerably less than that found in the aerated lobes. Where partial consolida- 
tion existed slightly higher values were obtained. The aerated lobes of the lungs 
of pneumonic rats had high concentrations of penicillin but not as high as those 
found in the normal rats. 
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When 500 units were injected intramuscularly into 2 normal and 2 pneumonic 
rats, 1 pneumonic rat had, at 25 minutes, a lung level of 1.2 unit per cc. No 
penicillin was detectable in the lungs of the other 3 rats. In order to obtain lung 
levels comparable with those observed after inhalation, 25,000 units had to be in- 
jected. With these high doses the pneumonic lungs contained more penicillin 
than the normal, as might be expected since there was more blood and exudate 
in the consolidated areas. 

Discussion. Twenty-four-hour pneumonia in rats was more successfully 
treated by inhalations of penicillin than by injections. The aerosolization treat- 
ment employed here was calculated to result in a retention, in normal rats, of 
400-500 units of penicillin, or an amount roughly equivalent to the dosage by in- 
jection. To ascertain whether differences in drug distribution would explain the 
differences in the therapeutic results obtained by the two routes, concentrations 
of penicillin in the blood and respiratory tract were determined. 

Blood levels in both aerosolized and injected groups were within the so-called 
therapeutic range but the highest values were observed in the group given intra- 
muscular injection. Rats receiving penicillin by aerosol had lower initial blood 
levels but a larger percentage of the initial level was maintained two hours after 
treatment. Furthermore, during the period of aerosolization the rats were re- 
ceiving penicillin for an additional 20 minutes. Nevertheless, the better thera- 
peutic results following inhalation could not have been due solely to the amount 
of penicillin reaching the blood, for higher blood levels were found in the group 
with the greater mortality. 

In our previous work, retained dose following aerosolization was estimated 
from data obtained in normal animals. The respiratory pattern of ratswithpneu- 
monia of 6-hours duration showed no significant deviations from those of the 
normal controls, and the retained dose calculated for the normal animal was con- 
sidered the therapeutic dose. The breathing pattern of rats with 24-hour pneu- 
monia differed markedly from that of normal rats; respirations of the former were 
extremely shallow and rapid. This type of breathing is known to diminish re- 
tention. To gain some idea of how much penicillin was retained by pneumonic 
rats following aerosolization, blood and lung levels of such animals and normals 
were compared. The blood and lung levels found in pneumonic rats were about 
one-third as high as those in normals. It is reasonable to conclude that the re- 
tained dose was also about one-third as high in pneumonic as in normal rate. 
With this in mind, the better therapeutic effect of the aerosol was all the more 
striking. 

The explanation of the more efficient therapy obtained by aerosolization may 
be found in the distribution of penicillin in the respiratory tract. The pneu- 
monic rats had 25 times as much penicillin in their lungs and trachea after in- 
halation as after intramuscular injection. In the normal rats 50 to 100 times 
more penicillin was found in the respiratory tract after inhalation than after in- 
jection of a comparable dose. In both normal and pneumonic rats, one hour 
after inhalation, appreciable amounts of penicillin persisted in the lung. This 
observation was in agreement with the findings of Laurent cl al. (5) in normal 
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rats, although these workers reported higher calculated retained doses and lower 
blood and lung levels than were noted here. 

In pneumonic rats following inhalation only a small fraction of the total peni- 
cillin in the lower respiratory tract could be detected in the consolidated lobe of 
the lung; approximately i to J of the total was in the trachea; the major portion 
was in the unconsolidated lobes. The concentration of penicillin in the aerated 
portions of the lung was high when considered on the basis of units of penicillin 
per gm. of tissue. This reservoir of penicillin probably acted to maintain the 
lood levels and to prevent extension of the pneumonia into uninvolved portions 
of the lung through the respiratory passages. 

After intramuscular injection of 500 units very small quantities of penicillin 
were recovered from the lungs of normal or pneumonic rats. The fact that over 
50 per cent of the rats receiving such therapy survived indicates that cures can 
be effected without high lung concentrations. The significantly lower mortality 
rate following aerosolization suggests that high lung penicillin levels are of benefit 
in the therapy of pneumococcal pneumonia in rats. 

SUMMARY 

In pneumococcal pneumonia of rats, untreated for 24 hours, 4 intramuscular 
injections of 250 and 500 units of penicillin reduced mortality from 94 per cent 
observed in controls, to 49 and 41 per cent, respectively. With 4 inhalations of 
a mist containing 400 units of penicillin per liter of air the mortality was 21 per 
cent. The difference between the mortality rates after aerosolization and after 
intramuscular injection is statistically significant. 

Initial blood levels of penicillin in pneumonic rats were higher following intra- 
muscular injection than after exposure to aerosol, but levels were better main- 
tained in aerosol treated animals. Normal rats exposed to the same penicillin 
aerosol had blood levels 3 times as high as rats with pneumonia of 24 hours dura- 
tion. 

Penicillin levels in the respiratory tract of pneumonic rats following aerosoliza- 
tion were more than 25 times as high as levels in rats treated by intramuscular 
injection. Normal rats exposed to the same penicillin aerosol had lung levels 
3 times as high as pneumonic rats. After exposure of rats to this particular aero- 
sol only a small fraction of the penicillin retained was in the trachea; the largest 
portion was in the structures distal to the carina. In pneumonic rats exposed to 
aerosol there was only a trace of penicillin in the consolidated portions of the lung. 

Acknowledgment. The technical assistance of Mr. Joseph S. Wiles is grate- 
fully acknowledged. 
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The role of cholinesterase (CliE) in the maintenance of vital processes lias been 
the subject of a number of recent investigations. These investigation 3 \vere given 
impetus by the advent of di-isopropyl fluorophospliate (DFP), a potent and ir- 
reversible inactivator of ChE, which made possible, for the first time, absolute 
determinations of degrees of ChE inactivation (1). 

Mazur and Bodansky (1) were the first to make the point that, in rabbits and 
monkeys exposed to lethal amounts of DFP, death was associated with levels of 
brain ChE approaching zero. In a subsequent study Koelle and Gilman (2) re- 
ported that for rats to survive and appear normal it wa3 necessary for 10 to 20 per 
cent of the average normal brain ChE activity to be retained. These results 
have been confirmed recently by Nachmansohn and Feld (3) who stated that 
death of animals always occurs when brain ChE activity approaches zero; con- 
versely, in the brains of surviving animals ChE is always present, although it 
may be in a concentration ns low as 10 per cent of the average normal activity. 
These latter investigators pointed out, however, that such experiments on the 
whole animal are not favorable for the determination of the minimum ChE ac- 
tivity necessary to maintain normal function because so many centers of different 
sensitivity are involved. They referred further to unpublished experiments on 
frog sciatic nerve in vitro, in which it was possible to abolish 92 per cent of the 
initial ChE activity before conduction was impaired. In addition, the results 
of Bullock el a(. (4) indicated that conduction in isolated squid and lobster nerve 
requires the presence of ChE; they found that 80 per cent of the ChE could be re- 
moved before the action potential was affected. These findings indicated that 
ChE is present in abundance in neural structures, and that an extremely low con- 
centration of the enzyme may be sufficient to maintain function. On the other 
hand, it must be pointed out that investigations in vitro are likewise subject to 
criticism, in that it is not always possible to carry over these results to conditions 
in vivo. 

The present report is concerned with experiments designed to determine the 
relationship between ChE activity and function in a simple neuro-eflector system 
of the intact animal. 

Thechemical nature of transmission atparasympathetic junctionsbas been dem- 

1 The work described in this paper was done in part under contract between the Medical 
Division, Chemical Corps, U. S. Army, and Cornell University Medical College. Under 
terms of the contract, the Chemical Corps neither restricts nor is responsible for the opin- 
ions or conclusions of the authors. 
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onstrated adequately and has been defined particularly well for the salivary gland 
(5-10). Certain of these studies indicated that a cholinergic substance is liber- 
ated in considerable quantity during chorda tympani stimulation in the presence 
of physostigmine (5, 7-10). Therefore, the chorda tympani-submaxillary gland 
system provides a well-established basis for the study of the quantitative rela- 
tionships between cholinergic function and ChE activity in vivo. It provides, 
therefore, a suitable technique for the evaluation of anti-ChE compounds. 

Methods. All experiments were performed on cats previously anesthetized with intra- 
peritoneal Dial-Urethane solution ($6 cc./kgm.). From each experimental animal the left 
submaxillary gland was removed for the determination of control ChE activity. Subse- 
quently each animal was prepared as follows: The trachea was cannulated and the right 
common carotid artery exposed for injection. The right chorda tympani nerve was iso- 
lated and severed from its central connections, and, in the experiments in which electrical 
stimulation was performed, silver wire electrodes were applied to the distal portion. The 
right main submaxillary duct was cannulated with a blunt 22-gauge needle and connected 
to a drop recorder. The recorder served to activate a signal magnet which recorded on a 
smoked drum. The DFP solution was prepared freshly in saline and each dose was adjusted 
to a volume of 0.1 cc./kgm. All injections were made into the right carotid artery with a 
26-gauge needle. On the completion of an experiment the right submaxillary gland was 
removed for the determination of the final ChE activity. 

Electrical stimulation of the chorda tympani nerve was accomplished with an Electro- 
dyne stimulator. 3 The output of this stimulator has a constant wave form independent 
of the intensity and frequency of the stimulus. The voltage employed was maintained at 
a supra-maximal intensity of approximately 200 volts. The frequency of the stimulus 
varied with the individual experiment and ranged from single pulses to 30 pulses per second. 

The ChE activity of the glands was determined manometricnlly with the Warburg appa- 
ratus. Each gland was washed thoroughly with saline, freed of extraneous tissue and 
weighed while moist. The entire gland was homogenized in 0.03 M NaHCOj in a Waring 
blendor ; the final homogenate dilution was 1:60. To the main compartment of the Warburg 
vessel was added 3.0 cc. of the gland homogenate and 0.5 cc. of distilled water; to the side 
bulb was added 0.5 cc. of 0.12 M solution of acetylcholine bromide in 0.03 M NaHCOj. The 
vessels were equilibrated with a mixture of 95 per cent Ns and 5 per cent CO 2 and allowed 
to come to thermal equilibrium in the bath at 3S°C. The reaction was begun by tipping and 
readings were made at 10 minute intervals for 60 minutes. The results were calculated as 
the cmm. CO 2 / 3 O min./50 mgm. wet weight of tissue. 

Results. The Effect of Intra-arterial DFP on the ChE Activity of the Sub- 
maxillary Gland. The effect of serial intra-arterial doses of DFP on the ChE 
activity of the submaxillary gland was studied on 44 cats. The results are 
shown in figure 1A. It can be seen from the curve that an initial dose of 20 
microgm./kgm. 5 reduced the ChE activity of the gland to 51 per cent of the con- 
trol value, whereas subsequent increments of 25 or 50 microgm./kgm. produced 
a lesser degree of esterase inhibition. For example, a dose of 150 microgm./kgm. 
which reduced the ChE activity to 6 per cent of the control level, when repeated 
produced but a slight further depression of the activity. It is apparent that with 
additional large increments of dose the ChE activity gradually approaches the 
limiting value of zero. 

3 Manufactured by the Electrodyne Company, Boston, Mass. 

3 All doses in this report were calculated on a body weight basis. 
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From these data it can be said that the effect of a given dose of DFP on the 
ChE activity of the gland is proportional to the level of esterase activity existing 
at the time of the dose. Assuming that the inactivation of ChE by DFP is ir- 
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Fia. 1 . The Effect of Intra-carotid DFP on the Submaxillart Gland CnE 


reversible, the relationship between dose and enzyme activity in vivo may be ex- 
pressed as: 

~ = k.E (1) 

where E represents the ChE activity and x the DFP dose. Upon integration 
equation (I) becomes: 


, 2.303 , Eo 

k ‘ = — l0S E 


where Eo is the ChE activity at the time of a given dose of DFP and Ei the ac- 
tivity after the dose. 

When the logarithm of the ChE activity of the gland is plotted against the dose 
of DFP (between the dose limits of 0 and 150 microgm./kgm.), a linear relation- 
ship is observed (figure IB). The line fitted by the method of least squares gives 
a value for ki = -0.0036. The value, ki, gives the average rate of inactivation 
of the salivary gland ChE per microgm./kgm. of DFP injected. 

The Relationship Between ChE Activity and the Threshold of the Gland to Elec- 
trical Stimulation. This relationship was studied in 6 cats. In each experiment 
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a recording was made of the salivary flow in response to stimulation of the chorda 
tympani for a period of 30 seconds; the stimuli were of supra-maximal intensity 
but of varying frequency. The minimal frequency of stimulation to which the 
gland would respond was determined for each cat. Subsequent to this a dose of 
20 microgm./kgm. of DFP was administered intra-arterially and the threshold 
re-determined. This procedure was repeated after each additional dose of 20 
microgm./kgm. until a total dose of 100 microgm./kgm. had been given. 

The results are shown in figure 2A. The figure shows that up to a dose of more 
than 20 microgm./kgm. of DFP there was no change in threshold; a dose of 100 
microgm./kgm. produced a maximal reduction of the threshold. It is evident 
(see figure 1A) that at least 50 per cent of the initial ChE activity of the gland 
must be inhibited before the threshold to nerve stimulation is affected, and that 



■4CR0GRAU3 DFP 

Fig. 2. The Effect of Intra-carotid DFP on the Threshold of the 
Secretory Response to Chorda Tympani Stimulation 
The frequency of maximal pulses required to elicit a response in the untreated cat is 
taken as 100 per cent. 

the maximal change in threshold is reached when the ChE activity is 10 per cent 
of normal. 

When the logarithm of the threshold frequency (expressed as per cent of con- 
trol value) is plotted against dose of DFP a linear trend is evident. This plot is 
shown in figure 2B. The relationship between dose of DFP and threshold to 
electrical stimulation of the salivary gland is similar to that between dose of DFP 
and ChE activity. This relationship can also be formulated: 

~ = k 2 T (HI) 

dx 

where T represents threshold value and x is the DFP dose. The regression line 
in figure 2B, fitted by the method of least squares, gives a value for k 2 = —0.017. 
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The relationship between the ChE activity of the gland and its threshold to 
electrical stimulation can be formulated: 

-log T = K (-log E) (IV) 

where K is equal toy/ or 0.51. This relationship is shown in figure 3. The re- 
lationship implies that the minimal effective acetylcholine concentration at the 
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Fia 3. The Relationship between the ChE Activity of the Sobmaxillary Gland 
and its Threshold to Nerve Stimulation 

junction is a function of the ratio of stimulus frequency to ChE activity. This 
is in accord with the conclusions of Beznak and Farkas (11), that the production 
of acetylcholine at this neuro-effector junction is a function of the frequency of 
chorda stimulation. 

The Effect ofDFP on the Response of the Salivary Gland to Electrical Stimulation. 
This effect was studied in 5 cats. The chorda tympani was stimulated for a 
period of 30 seconds u ith shocks of supra-maximal intensity and at a frequency 
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which produced a maximal response. The total response of the gland was re- 
corded; the total response is defined as the secretion that occurs during and after 
stimulation. 

In the untreated cat, secretion subsided abruptly with the cessation of the 
stimulus. This observation is in accord with the course of salivary secretion in 
response to electrical stimulation as defined quantitatively by Maltesos and Weig- 
mann (12). 

An initial intra-arterial dose of 20 microgm./kgm. of DFP did not alter the re- 
sponse of the gland. However, at this point an additional dose of 20 microgm./ 
kgm. produced an increase of the total response of the gland to the fixed stimulus. 
The total response reached a maximum after a dose of 100 microgm./kgm. had 
been given in increments of 20 microgm./kgm. The range of ChE activity in 
which potentiation of the total response occurred corresponds to the limits of 
ChE activity (50 — * 10 per cent) in which the minimal and maximal changes 
in the threshold occurred. However, the increase in the total response at the 
point of the maximal DFP effect was confined predominantly to the post-stimula- 
tory phase of secretion which increased 455 percent in contrast to 21 per cent in the 
response during stimulation. The course of secretion during actual stimulation 
was altered but slightly despite profound depression of the ChE activity. This 
supports the findings of Maltesos and Weigmann (12) who failed to observe an 
effect of physostigmine on the course of secretion during stimulation. 

When the logarithm of the per cent increase in the response is plotted against 
the dose of DFP a curve results which has the form of a rectangular hyperbola 
(figure 4) ; in this curve the response approaches a limiting value asymptotically. 
This hyperbolic relationship is analogous to the formulations (summarized by 
Clark, 13) for the responses of several different effector systems to varying 
acetylcholine concentrations. Therefore, the data of figure 4 suggest that the 
progressive decrease in the glandular ChE activity is associated with a prolonged 
action of the effective acetylcholine concentration at the neuro-effector junction. 

Beznak and Farkas (1 1) found that the response of the salivary gland to dif- 
ferent intra-arterial doses of acetylcholine produced a curve having the form of 
a rectangular hyperbola. Eserine merely decreased the threshold of the gland 
to acetylcholine, and the same asymptotic deflection was approached in both 
cases. In accord with these findings, a similar series of experiments was per- 
formed on 4 cats to compare the response of the gland to a fixed intra-arterial 
dose of acetylcholine at various levels of ChE activity. The results are shown 
in figure 5; the logarithm of the per cent increase in response to the acetylcholine 
injection is plotted for each DFP dose. No attempt was made to adjust the 
acetylcholine response to that resulting from electrical stimulation, so that the 
curves illustrated in figures 4 and 5 differ from each other quantitatively. It is 
evident, however, that the form of the response to acetylcholine is the same as 
that observed with the electrical stimulation. It is concluded, therefore, that 
the curves of figures 4 and 5 indicate a greater effective acetylcholine concentra- 
tion acting over a prolonged period. 

In previous studies concerned with the response of various effector systems to 
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acetylcholine it has become evident that as the acetylcholine concentration in- 
creases, the response approaches a maximum asymptotically. This appears to 
be the case in the response of the gland to either electrical or chemical stimulation 
at progressively lower levels of ChE activity. - However, this is true only to a 
limit of 100 microgm./kgm. of DFP, or in terms of ChE activity, when it is re- 
duced to 10 per cent of control value. At this point the administration of more 
DFP results in a sharp increase in the response to electrical stimulation and in 
the response to the fixed dose of acetylcholine. Therefore, what appears to be 
an asymptotic deflection in the curves of figures 4 and 5 is in reality a point of 



Pro. 4. The Effect of Intra-carotid DFP on tiie Responsb of the Suii’.iaxjllart 
Gland to Maximal Stimuli 

inflection. These latter findings suggest that beyond a dose of 100 raicrogm./ 
kgm. of DFP, or at levels of ChE activity less than 10 per cent of normal, an 
additional factor takes part in the response of the gland. The naturo of this 
phase of the response will become evident from the results presented in the fol- 
lowing section. 

The Production of Spontaneous Salivary Activity by DFP. The ability of DFP 
to produce spontaneous salivary secretion was studied on 17 cats. Of these cats, 
0 were given single intra-arterial injections of DFP and their salivary response 
recorded. The remainder were given repeated injections of 100 microgm./kgm. 
of DFP at 30-minute intervals and the response recorded; the injections were 
usually continued until a maximal rate of flow was attained. It is noteworthy 
that spontaneous salivary secretion was never observed in the untreated cat. 
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Although the response to each dose of DFP varied widely in different animals, 
the initial dose of 100 microgm./kgm. proved to be, in the average, an approxi- 
mately threshold dose for instituting salivary flow, and similarly a dose of 800 
microgm./kgm. was, in the average, the dose at which the maximal rate of sali- 
vary secretion was obtained. Similar results were obtained in the dog by Brass- 
field et al. (14) with the repeated intra-arterial injection of DFP. The maximal 
rate of secretion approached but never exceeded the maximal response to stim- 
ulation. 



Fia. 5. The Effect of Intra-carotid DFP on the Response of the Submaxillary 
Gland to a Fixed Intra-carotid Dose of Acetylcholine 

When the average rate of salivary flow (expressed as drops/hour) for each 
dose increment is plotted against the logarithm of the DFP dose, a linear rela- 
tionship is obtained (figure 6). The figure shows that spontaneous activity of 
the gland does not occur until a dose of 100 microgm./kgm. of DFP is given. 
This dose corresponds to an amount sufficient to reduce its esterase activity to 
approximately 10 per cent of the control. The fact that additional doses of 
DFP continue to increase the rate of salivary flow indicates that continuing 
destruction of the remaining 10 per cent of the ChE activity of the gland occurs 
and that, in accord with the data presented in figure 1, relatively large dose in- 
crements are now necessary to effect a virtual abolition of the ChE activity. 
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Although the exact quantitative nature of the relationship between dose incre- 
ment and ChE decrement is not ascertainable in this range, each percentile 
decrease in ChE activity from 10 per cent toward zero exerts a pronounced ef- 
fect on the stability of this neuro-effector system. It is noteworthy that a re- 
fractory state of this parasympathetic structure was not observed despite max- 
imal inactivation of ChE by DFP. This is in contrast to the effects of DFP on 
neuro-muscular (15, 1G) and ganglionic (17) transmission. 



Fia. 6. Tnt: Effect of Intra-carotid DFP on the Rate of Spontaneous Salivary 
Secretion ry the S'Jiimaxi leary Gland 

With these data in mind it is relevant to re-examine certain of the data of the 
preceding sections. In this regard it is to be noted that a maximal decrease of 
approximately 93 per cent in the threshold of the gland to nerve stimulation oc- 
curred when the ChE activity was reduced to 10 per cent of the control value and 
that it was at this precise point where spontaneous activity began. At this 
point it was not possible to evaluate further changes in threshold. It is to bo 
noted also that this point of 10 per cent ChE activity is the value at which the 
potentiation of the response to maximal stimulation approached its asymptotic 
deflection. It was pointed out ( vide supra) that the continued reduction of ChE 
activity from this level caused a sharp positive inflection in the curve of poten- 
tiation. It is evident, then, that this phase of the response to either electrical 
or chemical stimulation represents a summation of effects, and, therefore, the 
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point of maximal potentiation of nervous stimuli is reached immediately prior to 
the onset of spontaneous activity. 

Discussion. The results presented in this report constitute the first demon- 
stration in vivo of the function of a neuro-effector system at various levels of its 
ChE activity. It has been reported that in man and laboratory animals it is 
possible to inactivate the serum ChE completely with no evident deviation from 
the normal state (1, 2, 18, 19) ; it is evident, therefore, that the serum ChE activ- 
ity is unable to serve as a guide to the pharmacological effects of ChE inhibitors. 
The attempt to use erythrocyte ChE activity as an indicator for the action of 
anti-ChE compounds has not provided any definite correlation between the de- 
gree of enzyme inhibition and alteration of function (18, 19). The only definite 
correlation which has been established has been between lethal outcome and brain 
ChE activity (1, 2, 3); in this case the critical level appears to be approximately 
10 per cent of the original level. The data of the present investigation indicate 
that a complete breakdown in the stability of the submaxillary gland ensues when 
the level of ChE activity reaches or falls below 10 per cent of normal. This re- 
presents the final drastic effect of maximal inactivation of junctional ChE and is 
directly comparable to the fatal effect of reducing the brain ChE to 10 per cent 
or less. 

It would be reasonable to assume that a progressive decrease in tissue ChE 
would be accompanied by progressive changes in physiological function; this 
assumption, however, has been shown by the present studies to be only partially 
true. The data presented in figures 2, 4, and 5, show that the initial reduction 
in ChE activity from 100 to 50 per cent is not accompanied by any change in 
salivary function; from this point, however, further reduction in ChE activity 
is associated with progressive changes in function. These functional alterations 
which occur at the initial critical level of ChE inhibition are a progressive lower- 
ing of the effector’s threshold to electrical stimulation and a progressive increase 
in the magnitude of its response to electrical and chemical stimulation. There 
is, then, an initial level of ChE activity which is critical (50-35 per cent of nor- 
mal) for the onset of functional alteration in response to stimulation. The fact 
that more than one-half of the original ChE activity can be removed without af- 
fecting function suggests that this fraction is either physiologically dispensable 
or not concerned with transmission. 

The threshold of the response to nerve stimulation must depend on the de- 
livery of a minimal effective concentration of acetylcholine to the effector cell. 
If the “sensitivity” of the effector cell to acetylcholine does not change, the min- 
imal effective concentration of acetylcholine will remain constant. The decrease 
in threshold associated with the decrease in the ChE activity indicates that a 
greater proportion of the acetylcholine liberated by frequencies previously sub- 
threshold is now enabled to reach the effector cell in an amount equivalent to 
the minimal effective concentration. From this it follows that the amount of 
acetylcholine liberated by a threshold stimulus is in excess of the minimal ef- 
fective concentration and that the total is in part inactivated by ChE before it 
can reach the effector cell. The cholinergic effects of DFP on resting cells thus 
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can be accounted for by the summation of constantly liberated, otherwise sub- 
liminal, amounts of acetylcholine. 

In a similar manner the potentiation of the total response to maximal stimu- 
lation can be considered to result from the maintenance of an effective concen- 
tration of acetylcholine at the effector cell. Maximal shocks delivered at an 
appropriate frequency evoke a maximum secretory response which is consistent 
with the assumption that the receptors of the effector cell are at that time oc- 
cupied fully. This is in accord with the observations that anti-ChE compounds 
do not potentiate the effects of maximal pre-ganglionic volleys. The reduction 
of the ChE activity results, then, in a prolongation of secretion rather than an 
enhancement of the response during stimulation. This latter fact affords, in 
addition, presumptive evidence that DFP does not alter the sensitivity of the 
cell. The increase in the post-stimulation secretion reaches its maximum at a 
ChE level of 10 per cent; further reduction of ChE produces a sudden sharp in- 
flection in the response, which can be accounted for as a summation of stimulus 
effect and spontaneous activity. The potentiation of the total secretion of the 
salivary gland by DFP is analogous to the potentiation of the response of skeletal 
muscle to maximal shock after treatment with DFP. The latter also may be 
considered to be the result of summation of repetitive activity. 

The sharp increase in the response to electrical stimulation or to a fixed dose of 
acetylcholine, when the ChE activity is reduced to 10 per cent or less, may re- 
present a summation of the effects of the fixed stimulus and spontaneous neural 
activity. This becomes highly probable with the onset of spontaneous secre- 
tion, and finds support in the studies of Roeder et al. (17), who demonstrated in 
the isolated nerve cord of the cockroach, after treatment with DFP, a prolonged 
after-discharge of post-ganglionic fibres associated with bursts of spontaneous 
activity. 

It can be postulated that the response of any cholinergic effector will bo in- 
creased after appropriate amounts of DFP as a result of a summation of re- 
sponses. The degree to which the ChE activity of the particular system xv ill 
have to be inactivated to achieve this effect will depend upon the amounts of 
acetylcholine which that system is able to produce. For example, the amounts 
of acetylcholine liberated by chorda stimulation are large (5-10), in contrast to 
the exceedingly minute amounts which can be demonstrated in the perfusate of 
stimulated cat skeletal muscle (20). In accord with this the ChE activity of 
cat skeletal muscle must be inhibited almost completely before potentiation 
occurs (21). As a corollary the level of ChE at which spontaneous activity be- 
gins will depend likewise upon the acetylcholine production of the system. 

The results obtained in this investigation provide certain pharmacologic cri- 
teria for the use of anti-cholinesterase compounds. From tbe data it is pre- 
sumed that the progressive irreversible inactivation of tissue ChE will proceed in 
the manner described by equation I; the value of ki will be determined by the 
compound employed and the sensitivity of the ChE concerned. The therapeutic 
value of anti-ChE compounds is limited by the degree to which ChE must be 
inhibited before physiologic function is affected. If the therapeutic effect is to 
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be achieved by ChE inhibition alone, the level to which the enzyme must be 
reduced to affect a particular function will be the same regardless of the com- 
pound employed. With systemic administration the effect of the inhibitor can- 
not be confined to the enzyme of a particular tissue and a concomitant inactiva- 
tion of other tissue ChE will proceed. Under these circumstances the margin 
of safety will be small. In this regard, a dose of 1 mgm./kgm. of DFP intra- 
venously in the cat is without effect on the salivary gland ChE but is accompanied 
by minor toxic manifestations. This is also evident from the reports of Grob 
et al. (22, 23) who found that intramuscular doses of DFP sufficient to affect 
intestinal motility in man, when repeated daily for 2 to 3 doses, produced symp- 
toms referable to the central nervous system associated with increased electro- 
encephalographic activity. Finally, demonstrable changes in neuromuscular 
function were obtained in man only with comparative^' large intra-arterial doses 
of DFP (24). The intravenous doses of DFP which would be necessary to 
achieve the latter effect would result in severe systemic signs. From the present 
study it is concluded that the optimal margin of safety will prevail when the 
desired site of action is a neuro-effector with a comparatively large acetylcholine 
potential so that function will be altered at relatively high levels of ChE activity. 
The ideal anti-ChE compound would be one with a selective affinity for a spe- 
cific enzyme at a particular locus. These criteria are not satisfied by the agents 
available at present. 


SUMMARY 

The relationship between the inhibition of the cholinesterase (ChE) activity 
of the submaxillary gland and its physiologic responses is reported. The rate of 
irreversible inactivation of the ChE by DFP follows the characteristics of a 
first order reaction. Approximately 50 per cent of the glandular ChE can be 
inhibited without affecting response to nerve stimulation. From this point 
changes in function accompany a further progressive inactivation of ChE activ- 
ity. These changes include a decrease in the frequency of stimulation required 
to elicit a threshold response, a prolongation of the response to maximal stimuli, 
and eventually the onset of spontaneous salivary secretion which begins at a 
ChE activity of 10 per cent of control. 

The findings are discussed with respect to the physiologic and pharmacologic 
inter-relationships affecting chemical mediation at neuro-effector junctions. 
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